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THOMAS STEVENSON, Esq., Vice-President, in the Chair. 


The following Communications were read :— 


1 Approximation to the Roots of Cubic Equations by help 
of Recurring Chain Fractions. By Edward Sang. 


(Abstract. ); 


In the progression of fractions here used, each new term is got by 
corresponding multiples of the three preceding terms, thus: 


rA+qB+pC=D, 
rB+qC+pD=E, 
rC+qD+pE=F, and so on, 


this mode of formation being applied separately to the numerators 
and denominators of the fractions, 
For the cube root of 2 there is given the progression 


1 9 1 4 15 233 
for which the multipliers are r=1, g=3, p=3, and also a more 
rapidly converging series 

5 286 16287 

having the multipliers 1, -—3 and 57. 
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The cube root of 7 is given by the progression 


-2 0 44 66658 100986738 


formed by the multipliers 1, —3, 1516. 

And, in general, the ratio sub-triplicate of that expressed by any 
two integer numbers K and L, is shown to be the asymptote of the 
formed by the multipliers 
r=(L-K)®; g=3(L-K)*; p=3L?+ 21KL+ 3K’; 


from the j initials 


0 
6° 


The asymptote of every progression of this kind is shown to be 
the root of a cubic equation; while, for every cubic equation with 
integer coefficients, such progressions may be found. Thus the 
corresponding theorem in quadratics, which was thought to exclude 
periodicity from all higher equations, becomes only one case of a 
general law. | 

In addition to the progression for the ratio of the long diagonal 
to the side of a regular heptagon, given in a former paper, that having 
the multipliers 1, 4, 3 is given thus, 


2 


and for the corresponding ratio in the case of the enneagon, 


296 216 1791 
having the multipliers 1, —6, 9. 
It is also shown that terms placed at equal intervals in such pro- 
-gressions form separate progressions of the same kind; this law 


applying also to the ordinary periodic continued fractions approxi- 
mating to the roots of quadratics 
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2. The Researches of M. E. de Jonquitres on Periodic 
Continued Fractions. By Thomas Muir, M.A, 


1. During the present year there has appeared at intervals, in the 
Comptes Rendus of the French Academy, quite a series of com- 
munications by M. E. de Jonquiéres, on the subject of those periodic 
continued fractions which are the equivalents of the square roots 
of integers. These communications have attracted attention, both 
on account of the number of results given in them, and because, as 
a writer in the Bulletin des Sciences Mathématiques says, of their 
interesting and profound character. To any one really intimate 
with the bibliography of the subject, this cannot but be a little sur- 
prising. It is true that the number of so-called theorems is great ; 
but the very special character of a number of them, the fact that 
they are just such theorems as may be obtained by experiment and 
induction, and the want of demonstrations of them as evidence that 
the author was in possession of a mathematical theory of the subject, 
are points that have been too much overlooked. Further, and what 
is more important, many of the theorems are not new, and there is 
a sense in which the epithet “ new ” cannot fairly be applied to any 
of the earlier ones, because of the existence of a widely general 
theorem in which they are directly included, or from which they 
may with readiness be deduced. 

2. It is to this general theorem I now wish to direct attention, 
making use of it for the purpose indicated, viz., of giving scientific 
order and unity to M. de Jonquiéres’ work. The theorem was given 
in the year 1873, in the first paper I had the honour of communi- 


_ cating to this Society, and is to be found at p. 234 of vol. viii. of the 


Proceedings. It, as well as several other theorems given in the 
paper, was originally accompanied by a good deal of detail of the 
same nature as M. de Jonquiéres’ theorems; these special proposi- 
tions, however, were struck out, when by request an abstract of the — 


paper was prepared for printing. A special case of the theorem has 


been rediscovered twice at least since 1873 ; the latest appearance 
being in Grunert’s Archiv, lxix. pp. 205-13, where the writer, 
K. KE. Hoffmann, says regarding it :—‘ Diese allgemeine Formel 
enthalt nun alle in der Stern’schen Tabelle gegebenen als specielle 
Falle in sich, welche durch passende Wahl der z,, z,, etc. aus der 
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hier gegebenen abgeleitet werden konnen.” ‘When it is recalled 
that Stern’s memoir extends to 102 pages of Crelle’s Journal, the 
magnitude of the generalisation will be appreciated. 

3. The statement of the special case referred to (which is all that 
is needed for our present purpose) is as follows :—“ The general 
expression for every integer whose square root, when expressed as a 
continued fraction with unit numerators, has q,, 4o,+++) 499 413 
for the symmetric portion of tts cycle of partial denominators is 


L being the number of elements in the cycle.” 


The functional symbol K(_) is explained by the example 


| a.i1.0 
1 0 

O-l 1 

0 0-1 d 
_ 4, Taking the case then of this theorem where /=2, we have 
(u>1) 


the asterisks indicating the beginning and end of the cycle. This 
is M. de Jonquiéres’ first theorem. | 

It is desirable to state it in two parts, viz., (1) where q is even 
«= 2h say, (2) where m is even, =2N say. These give 


(ket)? + M = + (u>1) 


1 (I.) 

By giving all possible integral values to &, M, g, N here, we obtain 
every number whose square root has a cycle of two terms, and at the 
same time we obtain the said cycle. The condition, m>1, is 
necessary to prevent degeneration of the cycle; if m=1, the 
cycle is 
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* 


5. When /=4 the general theorem gives us 


+ 2q,)M - + + (a9 + 


1 


where for shortness there is put 


{ } for + 2q,)M — + 


Here again a little consideration, based on the knowledge that 
the number under the root-sign must be integral, serves to show 
that there are two distinct cases, viz., 
(1) when g, is even, 
(2) when g, is odd, qg, odd, and m even, 
Putting therefore in the first case g,= 2k, and in the second case 
9.= 28-1, g,=2r-—1, m=2N, we have as our pair of identities 


={ b+ +q+2f 
* * 


(IL) 
| (872s — 8rs — 472+ 87 +2 —3)N } +2(2rs —1r—s+1)N —(2s-1)? 


1 1 
* 


These give every integer whose square root has a neers cycle, 
and make known the cycle as well. 


Returning now to (II’) and putting g,=1, we have 


{3(q + 2)M — (q+ ¢? 


or 


J {3(q+ + 1}? - +1) 


or 
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where, to prevent degeneration of the cycle, we must have 


(q+ 2)mM— (9+ 1)gS2q | 


and M>q. 


Writing w for m—q+1, this special result becomes 


which is the accurate form of M. de Jonquiéres’ second theorem. 


M. de Jonquiéres’ oversight consists in omitting to notice that the 
g in his statement must be less than a+ 1. 


6. Theorem III. is avowedly a combination of theorems I. and 
IL ; it is carefully stated, however, in such a way as to seem to 
support M. de Jonquieres’ theory that the number of terms in the 


cycle of the continued fraction for ,/a?+d is dependent upon the 
ratio of 2a: d. 


7. Theorem IV. there is no accounting for; it is but a case of 
theorem viz, where b=2n+4 and e=4, Neither is there any 
accounting for the remark following it—*Le nombre 12, qui 
devrait figurer en téte de la série, fait seul exception, parce qu'il 
rentre dans le groupe défini par Je théoréme I, & cause de 
12=37+3”; for 12 is the case where n=0, and there could be 
no continued fraction with the cycle 1, 0, 1, 2a. If it be an excep- 


tion, then a whole class of exceptions to theorem If, has been 
overlooked, viz., where ¢= 2. 


8. When /=5, the general theorem gives 
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Here also there are two cases, viz., 


(1) g odd, M even, = 24+1, say, 
(2) q even, p even, M even, = 27, 2s, 2N say, 


the corresponding identities being 
[{ Sep? + 2p? +-2p + + (4pk? + 2p + 
+ (4pk?-+ + (442+ | 


* 


(IIT.) 


(492-41) + (452+ 1)2] 
24 


2r + 2s+ 2s+ 
* 


: 1 


* 


Putting in the first of these L=0, we have ; 
{2p? + 2p + + 2p + 1}2+ (Qp+1)2n+4 


p+ltl+p+2 


Specialising still further by taking n=0, we have 


1 


which is M. de Jonquiéres’ theorem V., and which is to be found 
given as an example at page 31 of my pamphlet on The Expression 
of a Quadratic Surd as a Continued Fraction, Glasgow, 1874. 


9. Considerable interest attaches to the above identity deduced 
from (IIT.) by putting k=0. Written in the unexpanded form of 
the general theorem, itis __ 


K(p,1,1,p)s +2K(p,1,1)K(1) K(p,1,1)2n + K(1,1)? 


l 
* * 
K(p,1,1,p)n + $K(p,1,1)K(1,1) 
= K(p,1,1,p)n + K(p,1,1) 
= K(p,1,1,p,n); 


Now 
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and 
K(p,1,1)2n + K(1,1)? 
= 2{K(p,1,1)n + K(1,1)} 
= 2K(1,1,p,). La 
The identity may therefore be put in the form 


+ 2K(1,Lp,») = { } +> 


p+ T+i+p + 
But 


K(p,1, 1,9,N) + -K(I, 1,p,N) 1 + + p + ibe 


and thus we have the curious theorem,— | 
If the perrodic continued fraction for ,/A? + 2d (d prime to A) be 
wanted and the continued fraction equivalent to A-+-d be found to be 
] 
of the form p+ then the periodic continued 
+l+1l+p+2A 3 


1 
Fraction required is A + 


Example— 


| 


10. Taking the case of the general theorem where J = 6, we have E 


+ 2abe + 2a°b + 2a + c)M — + be + 2ab + 1)(B%e + 26)}2 
+ (ab’c + be + 2ab + 1)m — (7c + 26)?] 


Here the only case which is not possible is a, }, c, all odd: that is 
to say, we may have | 


| 
* 
18 4 
for —— == 2 + | 
7 7 
1l+1+4+3 
1+1+2+41 
| 
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(1) a odd, ¢ even. 

(2) even, odd. 

(3) @ even, ¢ even, M even, 

(4) a even, b odd, ¢ odd, m even. 

As a particular case of the first of these particular cases, let us 
take a=1,c=2, Mm=2b?+1. Then 
1 1 


This is M. de Jonquidres’ Theorem VI., and was given by me as a 


chance example in 1874 (see p. 31 of The Expression ofa Quadratic 
Surd, §c.). 


11. Having enunciated these six theorems, M. de Jonquidres 
adds :—“ Les théorémes I, II et III montrent, comme je I’avais 
annoncé, que la longueur et la composition de la période dépendent 
principalement de la valeur du rapport 2a+d quand cette valeur est 
entiére, et tous mettent en évidence ce fait que, dans une méme 
famille de nombres, ceux des termes de la période qui changent 
d’un nombre & l’autre sont de la seule variable.” This mode of 
reasoning is somewhat perplexing. Being concerned with functions 
of any number of variables, M. de Jonquiéres takes the functions in 
the ultimate or penultimate stage of specialisation, and tries to draw 
general conclusions from the results thus obtained. Such a course 
could not but be futile. Knowing, as we do, that, +5 Yor 
being the terms of the symmetric portion of the cycle, the expres- 
sion for M. de Jonquiéres’ 2a is | 


and for his d, 


we have instantaneously forced on us the conclusion that for the 
solution of our problem something besides the ratio of 2a to d must 
be taken into account. Not only, however, does M. de Jonquiéres 
merely direct his attention to very special cases, but these special 
cases are specially selected ; special cases that tell a different story 
are ignored. What simple peculiarity, we may ask, of the ratio 
2a:d exists for the infinite number of other special cases of our 
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identity (II.) besides M. de Jonquiéres’ special case? And when the 
ratio 2a :d remains constant, because of a@ varying as d, is no altera- 
tion made in the extent of the cycle? Surely M. de Jonquiéres, 
from actual observation, knows as well as any one that if merely 
2a+d be constant, the general rule is that the cycle varies 
in extent, and that the case where it does not vary (M. de 
Jonquiéres’ theorem I.), instead of being the rule, is the exception. 
Then, again, M. de Jonquitres forces into his service facts which 
are manifestly against him. He says theorems I., II., III. bear 
out a certain conclusion. Now III, as we have seen, shows 
nothing that I. and II. do not show, and need not therefore have 
been referred to; and Theorem II. shows something totally 
different from Theorem I. In Theorem II. the ratio considered is 
not 2a:d, but 2b: 2(a+1):2a—d+1. This theorem is, 
therefore, not a support to M. de Jonquiéres’ theory, but the 
opposite. | 

As for M. de Jonquiéres’ second fact, which, as he says, all his six 
theorems bear out, we can only meet it by asking in what sense it is 
possible seriously to talk of g, or g, as being functions of 


Had M. de Jonquiéres confined himself to refuting Lagrange’s 
statement that the extent of the cycle in the expansion of ,/E 
depends only on the value of E, he would have been on safe ground, 
for the incorrectness of the statement has long been known, and 
indeed must have been known, one would think, to Lagrange him- 
self; the only conclusion, however, beyond this, to which his 
researches entitle him, is the vague one that it depends somehow, 
as Lagrange also said, “de la nature du nombre E.” 


12. Having, in order to follow M. de Jonquiéres, considered the 
_ eases of the general theorem where /=2, 4, 5, 6, it seems desirable 
for the sake of continuity to put on record the details of the 
omitted case, viz., where 7=3. The theorem then becomes 


Qtqt2{ }+... 
* 


J } 


It is readily seen, however, that in order to avoid fractions, g and 
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mM must both be even: putting therefore g= 2p and M= 2n, we have 


as our final result for the case 


2 2 
WAC +1)n+p}?+4pn+1= { 


This furnishes a theorem closely resembling that in § 9, For 
here M. de Jonquiéres’ ratio— 
2(4p? + + 2p 
4pn +1 
2N 
4pn+1 
] 


2p+— 


[f the periodic continued fraction for ,/A?+d, (d prime to A), 


Hence, 


be wanted, and the continued fraction equivalent to 2A +d be found 


to be of the form 2p +>— Op + On? 


then the periodic continued fraction — 


13. These two eee as might be inferred, are not isolated 
from the main subject; and it is of importance to see their exact 
position in the theory, not merely on their own account, but because 
this can be done by establishing a general theorem, which affords a 
complete solution of the problem M. de Jonquiéres set himself, viz., 
to find what relation exists between the ratio 2a: d and the terms 
of the cycle. 

We have seen that 


2a=K(q, ; Klay Yo) Qo) 
and .*. for ..+, da) we have 


2a=MK(qg,,..-, 9) +cK(q,,..., 92) » 
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Similarly d= K(q, 9o)M 92)" 4 


=MK(q,, Qo) + CK(q,; Yo) 


Rut this determinant is the complementary minor of the element in 
the place (1, 1) of the former determinant; hence by the funda- 
mental application of continuants, 


1 
Our theorem thus — 
4 


If Ja&+d=a+— — 


where 1 1s the number of terms of the cycle and m some integer or 
zero. | 


When 7 is odd and K(q,,..., g5) has certain special values, a 
converse of this is possible: and it is thus that the theorems 
in §§ 9, 12 originate. 


Additional Note. 
(Ordered by the Council to be printed in sequence to Mr Muir’s former Note. ) 


On the 3d April 1883, M. Catalan presented to the Belgian 
Royal Academy a paper on continued fractions and certain series. 
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At the end of the abstract of it published in the Paps d S 
Bulletin (p. 612-618) there is the following 


Addition. 


“Un Géométre bien connu, M. de Jonquiéres, vient de présenter, 
4 Académie des sciences, un travail intitulé: Note sur un point de 
la théorie des fractions continues périodiques. Les théorémes, trés 
intéressants, auxquels l’honorable auteur est parvenu, m’ont fait 
revenir sur mes précédentes recherches, Malheureusement, je n’ai 
pu rédiger encore cette Addition: le temps m’a fait défaut. Afin de 
prendre date, j’énonce le théoréme suivant, qui contient, comme cas 
particuliers, quelques-uns des résultats obtenus par M. de Jonquiéres. 


Sovent les deux derniéres réduites de la fraction continue, 
symétrique : 

b, d, ..., d, 6, 
Soient a, a, deux nombres entiers, satisfaisant aua conditions : 


Qa-2Pa=P’, (a<2a). 
Si Von fait 
A=a?+a 


les racines carrées de tous les nombres A (il y en a une infinité) sont 
données par la formule 


JA math, dy dy bs 2a).” 


I desire to point out that this theorem also is not new, and that, 
indeed, when pushed to its proper concltision it gives the theorem 
above referred to as having been rediscovered by Hoffmann. 


When asked for an expression giving all the integers whose 
square roots have the cycle 6, c, d, ..., d, c, b, M. Catalan re- 
plies that the expression is 


a*+a, 
where a and a, are integral solutions of the indeterminate equation 
Qa —-2Pa=P’, 


Q standing for (5, c, ..., 6), P for (6, c,...c) and P’ for 


Now there is no need for giving the answer in this eae and 
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roundabout fashion: the equation referred to can readily be solved. 


For it is clear that 


Q 
and as P is prime to Q, this is the same as saying that 
| 2P?a+ PP’ 

But P?=QP’+(-1)' if 7 be the number of terms in the cycle 
(b, c,..., ¢, b). Hence | 


P’ + 2a( - 1)'+ PP’ 


must be integral : 


must be integral. 


=an integer = M say 
a=(-1)}{Qu- PP}. 
By substitution now in the original equation we find 
a=(-1){Pm—P?}. 
Hence the required expression 1s 
— 


M. Catalan’s equation, the solution of it here given, and this final 
result, are to be found in the The Expression of a Quadratic Surd, 
&c., p. 30. | 


Mammals. By George Hoggan, M.B, (Edin.). Com- 
municated by Professor Turner. 


(Abstract.) 


The new forms have been found in the palms of the raccoon, 
the Procyon lotor, so named from its habit of dipping its morsels in 
water before eating them. These forms are three in number, and, 
in order to prevent any morphological or physiological appellation 
being applied to them, they have been named, for purposes of 
description and differentiation, after three ladies respectively, the 
Browne, the Hoggan, and the Blackwell bodies. The Browne 
bodies occupy the apices of the dermic papilla, exactly where the 
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Meissner bodies are found in man, monkeys, and marsupials ; 
otherwise they have no resemblance to these bodies, Properly 
speaking, they are not bodies, but only forked terminations of the 
nerves, formed generally of two or three prongs, and these are 
twisted and intertwined in an intricate manner. Nor do they 
possess any capsular envelopes, the presence of which differentiates 
them from the Hoggan bodies, that — the only distinct differ- 
ence between the two. | 

The Hoggan bodies in their external aspect resemble the Pacinian 
bodies, being provided with a greater or less number of capsular 
layers, according to the greater or less depth at which they lie in 
the dermis. The nerve terminations within the body are, however, 
quite distinct from anything yet found in the Mammalia, being in 
general branched immediately after the nerve has become enveloped 
in the capsules. In their branched and contorted form the nerve 
terminations resemble the Browne bodies plus the capsules they 
have received. It is probable that the Browne bodies are formed 
by rupture of some of the non-medullated nerve fibres forming the 
subepidermic plexus, a little beyond the point where a medullated 
nerve has joined the plexus. These ruptured fibres contract upon 
themselves, and thus form the Browne body. As the Browne 
body sinks more deeply into the dermis it seems to receive the 
cellular envelopes which characterise the Hoggan body. 

The Blackwell body is a modified subepidermic nerve ganglion, 
still attached to the epidermis, but of which all the cells get com- 
pressed into a more or less globular or oval form, and are all in 
connection with a very thick medullated nerve. It is indeed 
a modified Meissner body within the epidermis in its most complete 
form, but a subepidermic ganglion in its simplest forms. It is a 
midway link between these two organs. 

~The Browne and Hoggan bodies seem to be homologous with the 
forked nerve endings on the hair follicles, and so far they support 
the author’s previously published views that the Pacinian bodies 
are only modifications of the forked endings. 

In most of the sections the sweat glands seem to be greatly 
deficient in number, and as the author has in other animals, especially 
rodents, observed Meissner bodies to be only developed where the 
sweat glands were enormous in size and number, he argues from | 
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this—first, that moisture is necessary to give proper sensation ; 
second, that the deficiency of sweat makes the animal dip its 
morsels in water; and third, that this continual wetting of the 
hands has modified the nerve terminations. 


4, Diagnoses plantarum novarum Phanerogamarum Socotren- 
sium, etc.; quas elaboravit Bayley Balfour, Scientiz 
Doctor et in Universitate Glascuensi rerum botanicarum 

_regius Professor. Pars quarta (Supplementum). 


CRUCIFERZ. 


Brassica RosTRATA, Balf. jil., var. HirsuTA, Balf. fil.: omnino— 
hirsuta foliisque arcte dentato-serratis, 
Socotra, in montibus crescens. B.C.S. No. 555. 


CAPPARIDE., 


CizoMz BracuycarPa, Vahl, var. FILicauLIs, Schweinf.: minuta 
eglandulosa inodora filicaulis. 
Socotra, prope Tamarida. Schweinf. No. 289. - 


ANGOLENSIS, DC, var. socoTRaANa, Schweinf.: arbor 
mediocris vel frutex ramis effuso-dependentibus dense foliosis ; 
foliis tenuiter carnosulis vel (perennantibus) crassis suberosis, petiolo 
duplo vel ad 4 lamina breviore flaccido haud recurvo, lamina basi 
cuneata ovali-obovata v. oblongo-lineari ad apicem rotundata v. 
emarginata semper mucronata ; floribus paucis mediocribus apetalis ; 
fruct. ignot. 

Nom. vern. Eschib. ’Eschab. LEshaib. 

Socotra, in campis montibusque. B.C.S. -Nos. 193, 588. 
Schweinf. Nos. 251, 457, 603. | | 


VIOLARIE. 


ALsoDEIA socoTRANA, Balf. : herbacea ramosissima humilis 
glabra ; foliis parvis ellipticis v. subobovatis brevissime petiolatis 
obscure remoteque serrulatis subtus glanduloso-puberulis ; floribus 
solitariis ; filamentis brevissimis. 

Socotra, prope Tamarida. B.C.S. No. 26. 
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CARYOPHYLLEA. 


GYPSOPHILA MONTANA, Balf. fil., var. viscipa, Balf. fil.: robustior 
inflorescentize ramis ultimis brevioribus et omnino pilis glaudulosis 
vestita. | 


Socotra, in montibus. B.C.S. No. 554. Schweinf. No. 658. 
Distrib. Somali Land. 


POLYCARPZA SPICATA, Arn., var. CAPILLARIS, Balf. fil. : tenuior 
pauciramosa ; foliis paucis filiformibus; bracteolis siccis rufis 
marginibus vix scariosis. 


Socotra, prope Galonsir. B.C.S. No. 211. Schweinf. No. 239. 


ZY GOPHYLLEZ. 


Faconta creETIOA, Linn., var. socoTRana, Balf. jil.: ommnino 
- inarmata glauca ramis striatis scabrido-hispidis ; foliis unifoliatis 
crussis ovato-ellipticis v. ellipticis v. rotundatis v. suborbicularibus 
$-1% poll. longis poll. latis; stipulis minutis poll. longis 
subulatis submembranaceis ; pedunculis sub capsulis dilatatis et eis 
subzquilongis ; sepalis subpapillosis ; petalis albidis v. purpureis ; 
capsulis pubescentibus ; seminibus obsolete punctulatis, 
Sucotra, abundans, B.C.S. No. 202. 


GERANIACE. 


Diracuma, Schweinf. 


Flores regulares. Calyx 8-partitus, lobis valvatis. Petala 8, 
perigyna, imbricata. Glandule disci inconspicue. Stamina 8, 
libera, petalis opposita, omnia antherifera ; anther magne, oblonge. 
Ovarium 8-lobum, 8-loculare, rostratum ; stylus centralis, integer, 
obtusus; ovula in loculis solitaria, adscendentia. Capsula 8-loba, 
in carpella 8 ventraliter dehiscentia intus lanata secedentia. 
Semina compressa, in loculis solitaria; testa nitida; albumen 
sparsum.—Frutex ramosus, plusminusve pubescens. Folia alterna, 
dentato-serrata, paullo revoluta, stipulata. Pedunculi axillares, 
l-flori. Flores albi. Calyx 4-bracteatus. | | 

Genus monotypicum generibus Wendtizw Balbisie et Vivianize 
Americanibus australibus maxime affine. | 
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D. socotrana, Schweinf.: species unica in montibus Haghier 
crescens. B.C.S. Nos. 285, 344. Schweinf. No. 528. 


LEGUMINOS. | 
TrepHrosia (Brissonia) oporATA, Balf. fil.: herbacea parva plus- 
minusve strigosa ; foliis digitatim trifoliatis; foliolis vix 4 poll. 
longis oblanceolatis ; stipulis minutis ; floribus solitariis axillaribus 
odoratis purpureis. 
Socotra, in montibus calcareis prope Galonsir. B.C. S. No. 180. 


ACACIA PENNIVENIA, Schweinf. : arbor ramis glabris fuscis; foltis 
glaberrimis 2~—3-pinnatis glandulis nullis, foliolis laxe 7—9-jugis 
oblongo-obovatis nervo fusco medio dimidiatis venis utrinque 3-4- 
pinnatis; floribus albis in capitula racemum laxum formantia v. 
subpaniculata dispositis, involucello infra medium basin versus 
pedunculi griseo-tomentosi subcaduco; cualycis lobis rotundato- 
ciliatis ; corolla calyce dimidio longiore; staminibus exsertis ; 
legumine ignoto. | 

Nom. vern. Tamhor. | 

Socotra, in montibus crescens. B.C.S. Nos. 212,345. Schweinf. 
Nos. 459, 519. Hunt. No, 17. 


CUCURBITACE. 


Evreranpra Batrouru, Cogn.: caule glabro ; petiolo brevissime 
sparseque puberulo demum glabro ; foliis utrinque breviter sparseque 
-asperis demum albo-callosis, plerumque leviter 3—5-lobatis, lobis 
saepius triangularibus, apice subacutis ; floribus pro genere parvis, 
masculis brevissime racemosis subfasciculatis; calycis tubo late 
infundibuliformi subcampanulato ; staminum filamentis glabris ; 
ovario oblongo; fructu ovoideo-subfusiformi, apice longiuscule 
acuteque rostrato. 

‘Nom. vern. Dachshana v. Dichshani. 


Socotra, per insulam crescens. B.C.S. No. 281. Schweinf. 
Nos. 502, 541, 640, 647. | 


FICOIDEA, 


TETRAGONIA PENTANDRA, Balf. fil.: glabra ramis longe patentibus ; ; 
foliis deltoideo-ovatis remotis; floribus binis axillaribus; staminibus 
quot tot calycis lobis ; nucamento pentagono obconoideo. 

Socotra, prope Galonsir. B.C.S. No. 37. 
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RUBIACEZX. 


opovata, Balf, fil., var. ALBESCENS, Balf. fil. ; ramis 
albescentibus ; foliis ad ramulos laterales contractos plurimis con- 
fertis lanceolatis v. oblanceolatis acutis valde revolutis crassiusculis ; 
floribus szpe solitariis; pedicellis longissimis tenuibus; calyce in 
fructu plerumque concavo. 

Nom. vern. Sehat. 


- Socotra, in campis prope Galonsir. B.C.S8. No. 592. Schweinf. 
No. 250. 


Puacopopa vireata, Balf. fil., var. Nana, Balf. fil.: nana ramis 
validioribus et ramulis brevibus prostratis ; foliis plerumque 
minoribus paucioribus et solum 2-5 in quoque fasciculo obovatis 
crassiusculis, | 

Socotra, in campis. B.C.S. No. 86. 


Hepyotis putvinata, Balf. jil.: pulvinata congesta ; foliis parvis 
anguste acinaciformibus crassis triquetris imbricatis;  stipulis 
connatis fimbriatis ; floribus sessilibus axillaribus solitariis ; stylo 
bifido. 

Socotra, prope Galonsir abundans; B.C.S. Nos. 15, 719% 
Schweinf. No. 716. 


Hepyotis Bicornuta, Balf: fil. ; annua minuta plantaginea; foliis 
agoregatis linearibus basi in stipulas connatas paucifimbriatas 
expansis revolutis minute papillosis ; floribus axillaribus sessilibus 
solitariis ; stylo bifido; fructu compresso vertice bifido bicornuto 
septicide dehiscente ; seminibus foveolatis angulatis. 

Socotra, prope Galonsir. B.C.S. No. 178. 


COMPOSIT. 


HELICHRYSUM GRACILIPES, Oliv. & Hiern, var. LANATUM, Balf, fil. : 
dense lanatum, pedunculis brevibus, acheniis glabris 
Socotra, prope Tamarida. Schweinf; No, 327 


HELICHRYSUM GRACILIPES, Oliv, Hiern, var. PRoFusuM, Bally. jil. : 
foliis submembranaceis, capitulis parvis paucifloris in paniculas 
ramosas dispositis, pedicellis erectis. 

Socotra, apud Keregnigiti. Schweinf. No. 479. 
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HELICHRYSUM GRACILIPES, Oliv. Huern, var. STOLONIFERUM, 
Balf. fil.: stoloniferum capitulis majoribus multifloris solitariis, 
phyllariis exterioribus brevibus ovatis, interioribus longis spathulatis 
acutis. 

Socotra, in montibus prope Galonsir. B.C.S. No, 238. Nimmo. 


TripeteRis Lorpu, Oliv. § Hiern, var. RAcEMOSA, Balf. jil.: a basi 


multiramosa; foliis plerumque oblanceolatis angustis; capitulis 
_minoribus } poll. longis ; involucri bracteis oblongo-ellipticis acutis 


3 poll. longis ; floribus flavis radii ligula + poll. longa ; acheniis $ 
poll. longis. 

Socotra, prope Galonsir atque Tamarida abundans. B.C.S. No. 
74. Schweinf. No. 443. 


PLUMBAGINE. 


VoaGELIA INDICA, Gbs., var. socoTRaNA, Bal’. jil.: omnino 
tenuior ; foliis minoribus sa#pe vix perfoliatis et retusis ; infloresc- 
entia multo pseudo-furcatim ramosissima, racemis ultimis 1-2 poll. 
longis ; bracteolis lanceolatis; sepalis anguste lanceolatis margine 
membranaceis superne obscure transverse bullato-undulatis, inferne 
truncatis ; corolle limbo sinu apicali vix mucronulato. 

vern. Salepho. 

Socotra in montibus Haghier. B.C.S. No. 416. Schweinf. 

Nos. 406 in lit., 523. 


EBEN ACE. 


Lavrina, Hiern: fruticosa ; foliis ellipticis v. obovatis 
sSuboppositis v. oppositis apice plus minusve rotundatis basi cuneatis 
breviter petiolatis supra intense viridibus; racemis axillaribus ; 
floribus 4- rarissime 3-meris; corolla anguste cylindrata breviter 
lobata. | 

Socotra, in montibus Haghier et apud Galonsir. B.C.S. Nos. 
166? 383. 


Evor#a Batrourit, Hiern: fruticosa ; foliis ovalibus v. obovatis 
oppositis v. suboppositis apice rotundatis basi plus minusve angus- 
tatis demum plerisque obtusis undulatis supra viridibus infra 
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rubentibus resinoso-lepidotis ; racemis masculis axillaribus ; floribus 
4-meris ; corolla campanulata. 
Socotra, in montibus Haghier. B.C.S. No. 167. Schweinf. 
No. 644. | 


ACANTHACE. 


RvELLIA PATULA, Jacy., Var. PUBESCENS, Balf. fil.: dense pubescens, 
foliis obtusis subrotundis. 

Socotra. B.C.S. No. 579. Schweinf. No. 614. 

Distrib. Nile Land. 


RUELLIA PATULA, Jacg., var. MINOR, Balj. jil,: nana canescens, 
foliis floribusque parvulis ; corolla vix Ix 3 poll. longa ; — + poll. 
longo ; seminibus 4 poll. diam. 

Socotra. B.C.S. Nos. 270, 728. 


ANISOTES DIVERSIFOLIUS, Balf. jil., var. BREVICALYX, Balf, fil.: foliis 
apice angustatis, calycis lobis brevibus 54, poll, longis. 
Socotra, in montibus Haghier, B.C.S. No. 479. 


LABIATA, 


TEUCRIUM PETIOLARE, JSalf. fil,, var. PUBESCENS, Balf. il.; 
pubescens non incanum ramis folia majora gerentibus. 
Socotra, in montibus Haghier, Schweinf. No. 578. 


GENUS ANOMALUM. 
Weutstepia, Balf, fil. 


- Flores hermaphroditi regulares. Calyx alte 4-partitus, persistens, 
tubo basi ovario adnato, lobis angustis acutis squalibus extus ad- 
presse rigide pilosis. Corolla hypocrateriformis, tubo cylindraceo 
extus intusque glabro sub fructu a basi sursum in segmenta 4 rum-— 
pente, limbi lobis 4 ovatis v. deltoideo-ovatis squalibus extus 
adpresse pilosis imbricatis. Stamina 4, squalia, angulis corolle 
loborum inserta, filamentis liberis subulatis incurvis corolle lobis 
paulum brevioribus; anthere cordato-rotundate v. suborbiculares, 
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2-loculares, loculis parallelis introrsis rima longitudinali, dorso 
affixe. Discus 0. Ovarium 2-carpellatum, 2-loculare, compres- 
sum, integrum, parte triente infera, inferne glabrum, superne 
basin styli circum dense albido-setosum; stylus validus, calycis 
lobis subsequilongus, adpresse rigide pilosus, bifidus, stigmatibus 
parvis terminalibus; ovula anatropa, in loculo quoque solitaria 
(plerumque in uno abortivum!?), ab placentis sub apice septi medil 
affixis pendula, funiculo brevi. Capsula oblique subobcordata, 
inzequaliter bilobata, complanata, bilocularia, loculo majore vacuo, 
angusti-septata, loculicide dehiscentia, valvis coriaceis a septo 
crustaceo tenui uninervio in loculum vacuum convexo semenque 
amplectente secedentibus, extus adpressis rigidis pilis vestita. 
Semen solitarium, septo pendulum, complanatum, obliquum, 
superne truncatum, inferne acutum, testa tenui comosa; embryo 
magnus, cotyledonibus carnosis ovatis plano-convexis accum- 
bentibus radicula longioribus, radicula supera tereti, albumine 
nullo.—Suffrutex pulvinatus, parvus, ramis congestis, omnino 
pilis rigidis adpressis vestitus. Folia alterna, subimbricata, anguste 
spathulata v. obovata, obtusa. Stipule0. Flores in axillis sessiles, 
spicas unilaterales breves formantes. 


Genus monotypicum anomalum pluribus notis Boragineis et Ver- 
benaceis maxime affine, ab illis fructu capsulari ovuloque pendulo 
differt, ab his ob cotyledones accumbentes, radiculam superam, 
foliorum characteres habitumque exclusum. 


W. socotrana, Balf. fil.: species unica in campis Socotre 
Insulz srescens. 3B.C.S. No. 569. Hunter, 


ILLECEBRACEA, 
Haya, Balf. fil. 


Flores hermaphroditi, parvi, ad nodos glomerati, bracteis scariosis 
stipuliformibus involucrati. Perianthium 5-partitum, album ; seg- 
menta qualia, oblonga, obtusa, mutica, erosa y. emarginata, tenuia, 
enervia, basi subcrassa. Stamina 5, basi segmentorum inserta, 
staminodiis minutissimis alternantia, filamentis subulatis; antherex 
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biloculares. Ovarium parvum, trigonum, membranaceum ; stylus 
filiformis, elongatus, stigmate capitellato; ovulum solitarium, 
basilare, erectum, anatropum, funiculo longo tereti. Fructus 
tenuis, basim versus in valvas tres dehiscens, Semen erectum, 
ellipsoideum, testa crustacea; embryo dorsalis, albumine farinaceo 
applicitus, leviter curvatus, radicula infera.—Herba, diffuse divari- 
catim ramosa, glabra. Folia sessilia, 3-verticellata, obovata, apicu- 
lata, integerrima; stipule minute, ovate, acuminate, scariose. 
Flores sessiles in dichasia brevia secunda oppositifolia et axillaria 
conferti. Bractes parve, fusco-brunnea, scariose. 


Genus. monotypicum, Illecebro ipso affine. 


H. opovata, Balf. fil.: species unica in montibus Socotre fre- 
quens. B.C.S. No. 250. Schweinf. No. 554. 


Locuia, Balf. fil. 


Flores consimiles bracteis scariosis noninvolucratis. Perianthium 
herbaceum, demum induratum, 5-lobum, tubo brevissimo obconico 
angulato fauce disco tenui annulari instructa; lobi conniventes, 
ovato-oblongi, firmi, dorso infra apicem mucronati. Stamina 5, 
perigyna, cum staminodiis setosis alternantia, filamentis brevibus ; 
antherw parve oblonge. Ovarium ellipsoideum, liberum ; stylus 
filiformis apice bifidus; ovulum amphitropum, funiculo basilari 
erecto longiusculo complanato suspensum. Utriculus membranaceus, 
‘demum basiruptus. Semen ab apice funiculi suspensum, inversum, 
compressum, testa membranacea.—Fruticulus rigidus, salsoloideus, 
diffusus, caulibus tortis, ramulis intricatis nodosis. Folia opposita 
et in axillis fasciculata, sessilia, anguste lanceolata v. spiculiformia, 
integerrima, crassa ; stipulse breves, interpetiolares connate, hyaline. 
Flores parvi, in dichasia breviter ramosa terminalia bracteis ob- 
tegentibus majoribus membranaceis brunneis dispositi, sessiles. 

Genus monotypicum in sectione Paronychiearum positum et 
generi Gymnocarpos affine. 


L. practeata, Balj. fil.: species unica in montibus Socotre in- 
frequens. B.C.S. No. 429. 
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AMARANTACEA, 


JERUA LANATA, Juas., Var. ROBUSTA, Baly, jil.: dense lanata, caulibus 
robustis ; foliis crassis magnis apice rotundatis ; spicis elongatis. 
Socotra, in campis, B.C.S, No. 517. Schweinf. No. 219. 


EUPHORBIACZ. 


(Anisophyllum) Balf. fil.: fruticosa, 
ramulis ultimis delicatulis articulatis glabris; foliis omnibus op- 
positis parvis petiolatis ellipticis; capitulis minutis terminalibus 
solitariis pedicellatis ; involucri glandulis inappendiculatis ; stamini- 
bus paucis. | 

Socotra, prope Kischen, Schweinf. No. 615 partim. 


(Tirucalli) Scawrinrurtun, Bailf. fil.: fruticosa, ramis 
juvenilibus glabris; foliis sessilibus elongatis linearibus; cymis 
solitariis terminalibus monocephalis ; involucro extus pubescente, 
bracteis fimbriatis, glandulis albis ; staminibus paucis. 

Socotra, prope Kischen. Schweinf. No. 650. 


(Tirucalli) arsuscuna, Balf. jil., var. Montana, Balf. 
 fil.: irregulariter ramosa ramis ultimis brevibus validis, articulis brevi- 
bus ; capsulis 4 poll. longis } poll. latis, pedicello 4 poll. longo 
tenui ; stylo in fructu brevi ;4; poll. longo; seminibus ;}, poll. 
longis. | 

Socotra, in montibus altioribus. B.C.S. No. 347. Schweinf. 
No, 643. | | 


(Diacanthium) spiratts, Balf. fil.: fruticosa carnosa 
candelabriformis a basi pauciramosa 1]-2-pedalis, caule ramisque 
acute 5-7-angulatis sulcatis, angulis compressis subalatis spiraliter 
tortis rarius rectis lobatis lobis rotundatis parvis arcte positis, aculeis 
stipularibus binis brevibus {—} poll. longis ab pulvino basali glauco 
divaricatis demum frequenter demissis, podariis distinctis. 

Socotra, in campis frequens. B.C.S. No. 729. 
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SEcURINEGA ScHWEINFURTHI, Balf. fil.: fruticosa, ramulis sub- 
tetragonis nonspinescentibus ; foliis crassiusculis obovatis ; gee 
ellis masculis solitariis. 


Socotra, prope Wadi Digal. Schweinf. No. 562. 


LILIACEAL, 


ASPARAGUS AFRICANUS, Lamk., var. MicRocarPvs, Balf. fil.: suf- 
fruticosus, intricato-ramosus, cortice griseo nitido levi, ramulis 
anfractuosis ; foliis spinosis brevibus ;', poll. longis recurvis; 


floribus in umbellis, interdum paucis ; baccis parvis 34 poll. diam. 


pedicello brevi. 
Socotra, in campis. B.C.S. No. 16. Schweinf. No. 374. 


URGINEA PORPHYROSTACHYS, Baker : bulbo ovoideo ; foliis hyster- 
anthiis ignotis ; scapo tereti fragili; racemo laxo elongato, pedicellis 
solitariis elongatis strictis erecto-patentibus, bracteis minutis lanceo- 
latis calcaratis; perianthii parvi segmentis lanceolatis uninervatis 
albidis dorso late purpureo-vittatis ; staminibus inclusis, filamentis 
glabris, antheris parvis oblongis ; fructu acute angulato ; seminibus 
in loculo 2-3 magnis nigris discoideis, 

Socotra, prope Kischen. Schweinf. No. 678. 


CYPERACE. 


CYPERUS CONGLOMERATUS, ftvttb., var. socoTRANUS, Balf. fil.: 
culmus rigidus erectus vix pollicaris subcompressus striatus ; foliis 
14 poll. longis culmo longioribus substrictiusculis a basi canaliculatis 


- apice supra subplanis subtus carinatis ; fasciculo spicarum solitario 


apicali sessili tribracteato 2—6-stachyo, bracteis inzequalibus spicis 

brevioribus ; spicis teretibus 3 poll. longis ; poll. latis, squamis 

arcte imbricatis ellipticis obtusis mucronatis paullo convexis superne 

carinulatis multinerviis basi fuscis, | 
Socotra, prope Galonsir. B.C.S. No. 91. 


GRAMINE. 


RHYNCHELYTRUM MICROSTACHYUM, Balj. jil., var. ALBICOMUM, 
Balf. fil.: spiculis paullo majoribus glumisque tribus exterioribus 
dense pilis albis sericeo-piloso-villosis. | 

Socotra, prope Galonsir et Tamarida, B.C.S.No.124. Schweinf. 
No. 467, 
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d. Abstract of Report on the “ Porcupine” Tunicata. 
By Professor W. A. Herdman. 


This paper deals only with the Ascidie Simplices collected 
during the cruises of the “ Porcupine” in the summers of 1868- 
1870. The Ascitde Composite will be worked up along with the | 
“Challenger” forms, and will appear in the second part of the 
Report upon the Tunicata of that expedition. — | 

Eleven species of simple Ascidians were found in the “ Por- 
cupine” collection. There are no Clavelinide, but the other three 
families are represented—the Ascidiide by three species, the 
Cynthiide by five species, and the Molgulide by three species. 

Three species (all belonging to the genus Polycarpa) seem new to 
science; the remaining eight are most of them common British 
species. Some of them, however, possess an interest apart from 
their morphological peculiarities on account of the localities and 
depths from which they were obtained. For example, several of 
the stations are in localities of which the Ascidian fauna had never 
been investigated, and the depths of which exceed 100 fathoms. 
Styela grossularia, van Beneden, a common British species, which 
is usually regarded as a littoral or shallow-water form, was obtained 
in the North Atlantic between Lewis and the Faroe Islands (Station 
54), at a depth of 363 fathoms! 


6. Arrangement of the Metals in an Electro-Frictional Scale. 
By A. Macfarlane, D.Sc. 


While, in recent years, the progress of the science of electricity 
has been very rapid, few investigations have been made in the old 
province of frictional electricity. It cannot be doubted, however, 
that the laws connecting electricity with friction, and with the 
nature of the substances rubbed, are of great importance ; and the 
acquisition of more detailed knowledge in this department may 
throw some light on the still imperfect theory of the voltaic cell. 
- Several electricians have expressed an opinion that the development 
of electricity by friction is only a modification of the development 
of electricity by contact—that friction is contact in which the 
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number of points which come together is increased by sliding the 
one substance over the other. But whether friction is a form of 
contact, or contact a form of friction, or the two co-ordinate to one — 
another, it is interesting to inquire whether the metals can be 
arranged in an electro-frictional series similar to the electro-contact 
series ; and if so, to observe the relation of the former to the latter. 

What is the present state of our knowledge on this subject ? 
Experimenters have used one or other of two methods, either rub- 
bing the metal with an insulating substance, or brushing it with a 
metallic powder. Observations cannot be made, or at least have 
not as yet been made with success, by rubbing two metals directly 
against one another, as their high conductivity allows the generated 
electricities to combine too quickly. Information on this subject is 
contained in the treatises of Reiss and Mascart. 

Haiiy,* rubbing with a woollen cloth, found that the following 
metals became positively electrified — 


Silver, lead, copper, zinc, brass, bismuth ; 
while the following became negatively electrified— 
Platinum, palladium, gold, nickel, iron, tin, arsenic, antimony. 


Faraday,t on the contrary, using the same material for a rubber, 
found that silver and copper became negatively electrified. When 
these two are taken out of the former list, the four left—lead, zinc, 
brass, bismuth—are metals which are easily disintegrated ; and that 
we shall find is the reason why they become electrified in the oppo- 
site manner from the others. | 

Dessaignes,t also rubbing with a woollen stuff, gives a wholly 
indefinite result,—that gold, platinum, silver, copper, iron, bismuth, 
zinc, tin, antimony, lead, are sometimes positive, sometimes nega- 
tive, and sometimes neutral. He considered that the season of the 
year, the prevailing wind, the barometer, and the thermometer, all 
had an influence on the result. Fortunately, the subject is not so 
complex as this experimenter would have us believe; I have found 
that, provided the insulation and the state of the surfaces be 
attended to, the season of the year, the barometer, the thermo- 
‘meter, and the prevailing wind may be left out of account. It is 


* Ann. de Chim., vol. viii. (1818). + Exp. Res., art. 2141. 
+ Journal de Physique (1811). 
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possible, however, that the state of the air as regards moisture may 
have some influence. If the surface of the metal is moist, or the 
-tubber moist, the amount of electricity produced by a rub is not so 
great as when both are dry. This difference is due, in part at least 
and it may be entirely, to the worse insulating power of the moist 
or moistened rubber. | 

Cavallo,* with sealing-wax as the rubbing material, found all the 
metals he tried negative; but Singert found iron, steel, graphite, 
lead, and bismuth positive, the others negative. The iron, how- 
ever, was positive only when rubbed with smooth wax; it was 
negative when rubbed with tarnished (soft 1) wax. Wilsont found 
with a silver plate, that when he rubbed the wax on the surface the 
plate became positive, but when he rubbed it on the edge the plate 
became negative. Some ve wae I have made throw 
light on these anomalies, 7 

With sulphur as the rubbing material, Davy§ found that lead | 
having a fresh surface became negative, but when it had a tarnished 
surface became positive. While Wilcke found all the metals nega- 
tive excepting lead, Faraday found iron, copper, brass, tin, silver, 
and platinum positive. The contradictory results in the case of 
sulphur appear to be due to the presence or absence of abrasion in 
the rubbing, and to the presence or absence of a charge on the 
sulphur. 

De la Rive,|| using a variety of rubbers—the hand, ivory, horn, 

cork, caoutchouc, resin—found the following metals always nega- 
tive— 


Rhodium, platinum, palladium, gold, tellurium, cobalt, nickel ; 
the following mostly negative— 
Silver, copper, brass ; 
and the following negative or positive— 
Antimony, bismuth, lead, zinc, tin, iron. 
He found great difficulty with his mode of friction in getting either 


* "Treat. of El., i. 21. + Elem. d. Elekt., 21 
t+ Priestley’s Hist. of E/., 144. § Gilbert’s Ann., 28 168. 
|| Bibliothique universeile, 59, 13. 
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lead or bismuth to become positive. Hard rubbing was doubtless 
the cause of his anomalies also. _ | 

The method by metallic powder was employed by Singer* and 
Becquerel. The former experimenter allowed the powder to fall 
through a sieve of haircloth, flannel, or muslin. He found the 
powder always negative, whether it was of copper, iron, zinc, tin, 
bismuth, antimony, nickel, or graphite. Here the friction was 
gentle, and in consequence no anomaly. Becquerel+ experimented | 
with filings of copper and of zinc. He allowed the filings to fall 
on a slant plate (in connection with the earth), and to drop into a 
metallic receiver attached to the knob of anelectroscope. He found 
that the copper filings were positive, when the plate was of 


Copper, zinc, lead, tin, iron, bismuth, antimony ; | 
and without any sensible charge when the plate was of 
Platinum, gold, silver, 
With zinc filings, the following were negative— 
Platinum, gold, silver, copper, graphite ; 
and the follo wing positive— 
Zine, iron, bismuth, antimony. 


These results, so far as they go, agree very well with those I have 
obtained, and that agreement proves that the metals may be com- 


pared by rubbing them all with one suitable substance. 


None of the investigators mentioned place the metals in a scale ; 
Becquerel’s results place them in three groups. The only scale 
which I have found published is a qualitative one by Gaugain. 
He experimented with discs of about 7 cm. diameter, formed of 
gutta percha, and gutta percha rubbed for a greater or less time | 
with sulphur. He rubbed such an insulating disc with wires of the 
different metals ; and the place of the metal was determined by the 
kind of electricity produced and retained on the disc. The scale or 
rather classification is as follows :— 


Aluminium— 
Gutta percha, No. 1. 


* Elem, de Elekt., 1819, 199. + Ann de Chim. e de Phys. ,"47, 116. 
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Lead, cadmium, zinc— 
Gutta percha, No. 2. 


Iron, tin— 
Gutta percha, No. 3. 


Copper, bismuth— 
Gutta percha, No. 4. 


Antimony— 
Vulcanised caoutchouc. 


Silver— 
Gutta percha, No. 5. 


Platinum— 
Gutta percha, No. 6. 


Mercury, gold, palladium. 


The upper end of the scale is the positive, and the lower end the 
negative. 

This arrangement of the metals differs from that which results 
from my experiments chiefly in the position of tin, bismuth, and 
antimony. The positions of the latter two are contradictory to 
Becquerel’s results. 

In the experiments which I have made I have aimed at getting 
quantitative results, With an electroscope to scrutinise the electri- 
city produced, only qualitative results could be looked for; but 
with an electrometer to scrutinise the electricity, more definite in- 
formation is possible. Ihad the advantage of the use of a Thomson 
quadrant electrometer, and not only so, but of all the scientific con- 
veniences of Professor Tait’s laboratory. 

The metal to be rubbed was constructed in the form of a circular 
disc (fig. 1), with a projecting tongue for allowing it to be screwed 
on to the brass top (s) of a glass insulator (9) (fig. 2). The diameter 
of the disc was in each case 2°5 inch (6°3 cm.), and the thickness 
two-tenths of an inch (5 mm.). Some of the discs varied slightly 
from that thickness; but a small difference in thickness does not 
affect the capacity of the disc, for the capacity of a disc depends only 
on the diameter (Clerk-Maxwell, H7. and Mag., vol. i. p. 222). A 
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small pin (h’) in the 
brass top passed through 
the smaller hole (/) in 
the tongue of the plate, 
so that when the disc 
§ 
and top were screwed h | h 
together by a screw F ig. 1. | 
passing through (s), the 
disc was prevented from 
rotating when brushed. . 
The end of the wire (w) 
(fig. 3), connecting the 
disc with the electrode | 
of the electrometer, was 
screwed in between the tm 
head of the screw and | 
the disc. 

Toobtain quantitative 
results, it 1s necessary 
to be able to give the © 
disc a constant rub. I 
found that a _ small 
camel’s-hair brush forms 
a very convenient rub- 
ber. The hair is a 
sufficiently good insu- 
lator, not very difficult 
todischargeaftera whisk 
across the metal, and it 
does not scratch the 
metal—a most import- 
ant consideration. I 
always gave the disc a 
single whisk—never a 
plurality—for one read- 
ing. I drew the brush |] 


across the middle zone 
(z) (fig. 3), exerting as jf 


| 
| | 
‘| 
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far as possible the same pressure each time, and moving with the ~ 
same velocity. Variation in velocity produces very considerable 
variation in the amount of electricity produced, or at least left after 
the operation. It is also necessary that the brush be spread out 
to an equal extent in the successive whisks. I found that by first 
placing the brush in position at the side at a constant angle to 
the disc, and then moving it across with due regard to pressure 
and velocity, that a set of successive readings has very considerable 
constancy. For example, the following for copper, taken at random 
from, my note-book :— 


Whisk. Reading. Difference from Mean. 
No. 1. + 2°5 

2. 100 ~ 75 

3. 110 + 25 

4, 90 ~17°5 

De | 125 +17°5 

6 110 + 2°5 

90 ~ 

8, 110 | + 

9. 115 + 

10. | 115 + 75 

Mean, 107°5 


The differences are fairly alternate in sign, and the mean of the 
readings may with reason be assumed as giving the effect of the rub 
aimed at in the ten trials. However, I found later on that the 
readings tend to increase as the succession of whisks goes on. 

It may be asked, Does the brush change in power after making 
a considerable number of whisks? De la Rive in his memoir 
cautions us when rubbing with a stick of wood to use a new stick 
each time, or else to scrape the surface used with’ a bit of glass. 
Were it necessary to use a new brush each time, then to make the 
thousand and half observations which I have made would be a 
matter of expense. When the brush is heated slightly before the fire, 
it produces a larger deflection than when it is not heated. For example, 
after I had finished the series of readings for copper, given above, 
and similar series for zinc, tin, iron, and lead, I held the brush 
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for a minute before a strong fire, and then took three readings. 
The deflections were— 


195, 215, 220, 


giving an average of 210, which is nearly double the previous 
average. Hair is known to be highly hygroscopic ; the heating 
drives off the moisture, and the brush, when brought to the electro- 
meter, is found to be electrified positively. Flannel, after being 
_ warmed before the fire, is also electrified positively. These facts 
seem to favour the idea that electricity is produced by evaporation. 
It is not advisable to have the brush very dry, for it is then more 
troublesome to take away the charge from it before using it a second 
time. 

In the record of results appended (Table I.) I have entered all the — 
average readings obtained. Lach entry is the average generally of 
ten deflections, sometimes of fifteen and of five. The number of 
single observations made is upwards of one thousand. The course ~ 
of the experiments breaks up into four series. | 

In the case of the first series I experimented with a disc of 
copper and a dise of zinc, each of which had one side highly 
polished. The two averages for zinc obtained on the 26th Novem- 
ber are nearly equal to one another, and to the average of all the _ 
average readings. It is necessary to choose a standard number for — 
one of the metals, and to compare the others with it ; hence copper 
is always taken as 100. The electrometer was duly replenished 
each morning, and all the conditions were preserved constant as far 
as possible ; but various circumstances caused the magnitude of the 
deflections to vary considerably from day today. The first entry of 
26th November was got by observing the first swing of the electro- 
meter, the second by observing the permanent deflection. In all 
the subsequent observations it was the permanent deflection which 
was noted. One side of the copper disc was not so highly polished 
as the other; the rougher side gave an average of 123; the more 
polished taken subsequently gave an average of 126. I do not con- 
sider this comparison as conclusive ; for I afterwards found that a 
disc of copper gave a decidedly larger deflection than a disc of brass 
copper-plated; and one of the differences between the two discs 


was, that the latter had a much smoother surface. Another expe- 
VOL. XII. | -26 


‘ 
i ‘ 
‘ 


Proceedings of the Royal Society 


420 


ZE GF 0S Se ZG 981 69 ZOL | | 69 | 9g Z9 
Ze 6F 1g JT eee OF ZEl eee eee cee eee eee 13 66 | 
Le eae QF SOL ace eee ace eee eee th 
9g 06 981 eee eee ote 
€0L | 19 gg 
Gq) 19 Sh * 
CP eee 4 6¢ 
Sit | Si 09 ¥Z 
69 OSl | ZOL | 
601 eee aac eae eee eee eee 
(Auued) 
Ly 
69 | ‘aon J 


wpa fo plongy—T 


| 
— ‘ 


of Edinburgh, Session 1883-84. 421 


riment was made with the copper disc with the view of ascertaining 
whether an increase of temperature had an effect upon the amount 
of electricity produced by the whisk. The disc was heated to such 
a temperature that it could not be held in the hand with any degree 
of comfort; the deflections were— 


100, 100, 120, 85, 170, 170, 105, 115, 155, 165, 180, 145, 120, 
180, 200, 


giving an average of 140, compared with 126 before heating. — 
When a brass disc was heated in a similar manner, the average 
deflection was increased in much the same proportion. It is not 
improbable that the effect is due to the heat of the disc increasing 
the insulation of the brush (see p. 428). 

On the 29th November the surfaces of the discs were siliied 
with a fine sand paper. The several observations were— 


Copper, 215, 220, 210, 150, 167, 165, 140, 165, 165, 215, 145, 180, 
| 215, 185, 140. 
Zinc, 35, 70, 80, 70, 90, 40, 110, 75, 45, 110, 70, 85, 90, 65, 75, 
110. 


The average for the copper is 178 ; for the zinc 45, if the first read- 
ing is not taken into account and the last is, and 42 if the first is 
and the last is not. The smallness of the first deflection is to be 
attributed, I believe, to a few of the minute particles of zinc or of © 
sand produced in the cleaning process still remaining on the surface 
of the metal. Many of the subsequent experiments were made with 
the view of clearing up this effect, and the still greater effect gene- 
rally produced when zinc is polished with emery paper. 

The second series of observations were made with coins and a 
platinum capsule, while discs of other metals were being prepared. 
A half-sovereign (11/12 fine gold), a sixpence (37/40 fine silver), and 
—acent (88 Cu to 12 Ni), are of nearly equal diameter, and therefore of 
nearly equal capacity. If the cent be taken as 100, the sovereign 
is 123, and the sixpence 71. The second comparison was obtained 
by taking a florin and a penny (95 Cu to 4 Sn and 1 Zn); the 
result obtained by supposing the bronze equivalent to copper gives 
a result for silver (109), which agrees well with the best strict com- 
parison (107). The result of 4th December, gold to silver as 193 to 
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100, was obtained by comparing a sovereign and a shilling; it 
agrees well with the ratio obtained afterwards. The surfaces of the 
coins were cleaned with bath-brick and wiped against flannel; in 
no case were the readings anomalous at the beginning. The com 
parison obtained for platinum is only an approximation. It wax 
obtained by comparing a small platinum capsule, kindly lent me by 
Mr H. R. Mill, with a florin and a penny. ‘The true value is pro- 
bably nearer to that for gold. 
In the third series of observations I made many comparisons with 
discs of copper, zinc, lead, iron, tin, and brass. The reason why so 
many comparisons were made was to clear up an anomaly which 
appeared: when the surfaces were polished with emery paper. In 
the case of the observations of 6th December, one side of each disc 
was rubbed with emery paper, and then wiped with a dry flannel 
cloth. The copper disc was first tried ; it gave readings none of | 
which differed greatly from the average, namely, 147. But the zinc 
disc when taken gave on the first whisk +110,* on the second + 45 ; 
after a few whisks the deflection vanished, then became negative, 
and gave a series of ten readings agreeing closely with their average, 
95. The iron disc also gave a positive deflection at first +80; it 
likewise changed after a slight brushing, and gave ten readings 
agreeing pretty well with their average, 71. When a fresh part of 
either of these discs was rubbed, the deflection became positive. In 
the case of the lead disc the deflection was considerably smaller 
than the average at the beginning, In the ce of the copper and 
the tin discs there was no such marked irregularity ; but the average 
of a series for copper taken at the end, 187, was greater than the 
average of the series taken at the beginning of the observations, 
147, The values entered in the upper line for the 6th are obtained 
by giving copper its initial average, and those in the lower line by 
giving it the final average. | 

Next morning, 7th December, no emery paper was used ; the sur- 
faces were merely rubbed with a piece of white flannel which had 
been well dried. The copper disc gave regular negative deflections 
as before, but the zinc disc gave a positive deflection at first. After 
a few brushings across the middle zone of the disc, the deflection 
became negative, and remained about an average. The first read- 


. * When no sign is put before a number, the sign —is to be understood. 
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ing for tin was smaller than any of ten subsequent, and such was 
the case also with the brass; they were noted, but not included in 
the average. Two series were taken for lead, the former for the 
_ side which had been roughened by polishing, the latter for the side 
which had not been interfered with; in both cases the first whisk 
gave a nearly null deflection, but the deflection afterwards became 
pretty steady about an average. 

To further elucidate the cause of this initial phenomenon, I 
rubbed each disc several times with a picce of flannel stretched over 
my forefinger. The electricity was not discharged after each rub, 
but was allowed to accumulate :— 


Disc. | Electricity. 
Lead (rougher side), . ‘ positive. 
Copper, . negative. 
Zine, 
Tin, 

Brass, . negative, with trace of positive at first. 


_ The lead disc was tried again, using the same side, and rubbing 
with what was noted to be a specially clean part of the flannel. 
It became negative at first, then positive after several rubs with 
considerable pressure, The same operation was repeated, and with 
the same result. The more polished side was then tried; it was 
negative at first, and greater pressure in rubbing was required to 
produce positive, Hence, the anomalous electricity. produced on 
the lead is undoubtedly due to the fact that the rubbing with the 
flannel cloth abraded the lead (or the oxide of lead), as was indeed 
evident from an inspection of the cloth after the operation. And — 
these trials also show why lead and bismuth and graphite were so 
prone to become positive under the friction to which they were sub- 
jected by De la Rive and the other experimenters. The ease with 
which these substances make a mark on paper shows that they can 
be easily abraded ; and when the rubbing is so violent as to cause 
abrasion, i may very well be expected. 

The camel’s-hair brush changes the electricity not from nega- 
tive to positive, but from positive to negative. It certainly does 
not abrade the surface. Does the explanation of the anomaly con- 
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sist in this, that the brush sweeps away abraded particles which have 
been left by rubbing with emery paper and flannel cloth, or with 
flannel cloth alone, that so long as any of these particles are in its 
course the deflection is more or less altered in the positive direction ; 
and that after they have all been swept off by a few whisks we get 
the true unimpaired reading? I believe that that is the proper ex- 
planation. | 

On 12th December the surfaces were prepared by rubbing with 
dry bath brick and flannel, Zinc, iron, and lead were positive at 
first ; the zinc most, the iron next, and the lead least, and the zinc 
required the greatest amount of whisking to change it to negative. 
In ease of 13th December the discs were merely brushed with a 

large soft brush before beginning. The zinc was at first slightly 
positive. The readings were not so satisfactory as usual on account 
of imperfect insulation due to very moist weather. 

On 14th December the discs were rubbed with warm flannel. 
Only the zinc and lead gave positive deflections, the former more 
persistently than the latter. The copper disc was then rubbed with 
sand paper, and the following series of observations taken, the first 
before the disc had been brushed in any way :— 


Repeated Brushing. 
60 110 
50 115 
115 
120 
Mean 55 Mean 115 
_ Repeated Brushing. Repeated Brushing. 
105 125 
105 116 
110 118 
106 125 
Mean 106 Mean 121 


The brushing was done by the brush used to make the readings. 
The first brushing has much more effect than any of the subsequent 
ones ; and this favours the idea that free particles of the metal are 
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removed by it. When the zinc disc was rubbed with sand paper 


and treated similarly, the following series of observations was 
obtained :— | 


Repeated Brushing. Repeated Brushing. 


+10 +23 

+28 +12 | 10 

+27 0 

+15 | 0 

Mean + 19 +19 25 


The observations of 17th December, given in full in Table ILI., 
may be taken as illustrative of the other sets of observations, The 
morning was frosty, the stem insulated without being dried, the 
brush was heated slightly before beginning. The former series was 
taken with the discs as found; and the latter, after the discs had 
been polished with emery paper and cleaned with flannel. The 
order of entry is the order in which the observations were made. 
It will be observed that the initial and final readings for zinc in the 
first series are nearly equal, showing that the state of the brush was 
practically constant throughout. In the case of the second series, 
four readings were first taken, then the disc was whisked with the 
_ brush backwards and forwards across the middle zone about a dozen 
times, and then six more readings were taken. The order of the 
metals is the same, whether the former or latter mean of the second 
series is taken—zince, lead, iron, copper, tin,—and this order agrees 
with that deduced from the entire collection of observations, except- 
ing that lead is more negative than iron. 

The comparisons entered for 18th December were obtained 
without rubbing the discs previously. The order is the same as 
the latter order of the previous days, excepting that tin comes 
out less than copper, which I believe to be erroneous. On the 
19th the discs were previously rubbed with chamois leather. Zine 
and lead were at first positive. On these two days an experi- 
ment was made with the zine disc. On the former day it was 
rubbed with emery paper and chamois leather, and the mean of the 
first four readings was +111. By repeated whisking it was brought 
down to zero, and changed to negative. The disc was again rubbed 
with emery paper and chamois leather, tested once, and found to 
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II.—Observations of 17th December. 


First Series.—Discs without being polished. 


Zinc. Copper. Tron. Tin. Lead. 
105 330 35 175 +25 
100 238 45 160 38 
103 256 82 160 70 
112 345 80 190 Whisked 
125 260 65 165 with brush. 
107 245 70 170 160 
127 280 70 150 155 
105 213 95 190 170 
125 265 65 140 220 
210 90 155 138 
| 178 
115 
200 
140 
130 
Mean 112°4 264°2 69°7 165°5 160°6 
Tin again, whisked Iron again, whisked 
repeatedly with brush repeatedly with brush | Zine again. 
before beginning. before beginning. 
185 80 110 
225 78 125 
210 90 110 
210 90 148 
180 | 120 127 
175 98 132 
195 (105 95 
105 100 
215 90 115 
205 95 120 
Mean 197 118°4 
Second Series.—Discs after being polished. 
Zine. Copper. Tin. Iron. Lead. 
+190 150 195 50 0 
+125 180 245 110 25 
+ 85 187 195 88 40 
+ 70 160 188 85 35 
Mean +118 169 206 83 25 
Whisked Whisked. | Whisked. Whisked. | Whisked. 
100 180 210 88 110 
80 195 160 145 120 
78 240 220 140 110 
90 217 245 145 80 
105 220 210 120 115 
80 185 240 110 100 
Mean 89 206 214 125 106 
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give a positive deflection about the magnitude of the above, and 
left untouched till next day. When tested next day it gave a read- 
ing about +52, and after considerable whisking the positive 
deflection vanished and changed to negative. The result of this 
experiment favours the idea that the positive electricity is due to 
the existence of minute particles on the surface of the disc. 

On 20th December further experiments were made to elucidate 
the effect of rubbing with emery paper and with sand paper. The 
rubbing paper was attached to the end of a glass rod. 


Emery Paper. : Sand Paper. 
Copper, . . |+ very slight. +more than with 
emery. 


Tron, . , . |+more than copper, 0 

| less than zinc. 

Zine, . 0 | 

Lead, . |+less than zine. +more than with 
emery. 


I scratched the surface of the zine disc with emery paper; when 
the scratch was rubbed with the brush positive electricity was ob- 
tained, but after the scratches were rubbed a few times the electricity 
became negative. This experiment indicates with what care ob- 
servations must be made in this subject in order to obtain definite 
results. 

The fourth series of observations were taken up with gold, silver, 
nickel, bismuth, antimony, aluminium, magnesium, German silver. 
The first three are in the form of discs of brass electro-plated. The 
aluminium and magnesium are cut out of thin sheet metal, and are 
screwed on to a disc of brass. The electro-plates were on the 20th, 
21st, and 27th compared with the disc of copper, but on the 28th 
with a similar electro-plate of copper. It was found that the copper 
electro-plate gave only two-thirds of the deflection given by the 
copper disc ; the entries for the previous days have been corrected 
by multiplying by 3, the other discs are compared with the disc 

On 20th December the electro-plates were rubbed with clean 
- chamois leather befidre beginning, and they were whisked a few 
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times with the brush before any readings were noted, as the deflec- 
tions appeared too small. A new brush was used. Two series of 
observations were taken; in the former case the copper was observed 
before the electro-plates, in the latter after the electro-plates. 

On 21st each disc was rubbed with chamois leather beforehand. 
The bismuth was null at the first whisk, the antimony was negative. 

On 27th December an elaborate system of readings was taken. 
The entries in Table I. are deduced from. the following four series 
of means :— 


2nd Series, 
Ist Series, | Sfter brush | 274 Series, | gin Series, 
after being was heated after being after bein 
rubbed with lichtl rubbed with 
leather. fire flannel. 
(disc), 101 309 819 
Gold, . 79 228 192 212 
Silver, ; 36°6 83 129 184 
Nickel, ‘ ; 3 39 50 
Antimony, . | +88 70 
Bismuth, . + 20 56°5 +2 48 
Magnesium, 49°6 +77 
| German Silver, 28 109 


The electro-plates had been lying in a cold room since the 21st, and 


they were very moist when first taken up. This moisture on the 
surface probably explains why the ratio of silver to copper and of 
nickel to copper, changes so considerably. The other discs were 
brought from a warm room. I consider that the positive values 
entered are due to the existence of small particles of some kind on 
the metal. 

The observations taken on the 28th are given in full in the 
accompanying table (Table III.). After the first five readings the 
disc was commonly whisked half a dozen times or so with the brush 
used, I have marked when this was done. It had the effect of 
increasing the reading. All the discs were brought from home, and 
a new brush was used, It will be observed that the mean for the 
copper electro-plate is less than for the copper disc; the result 
deduced from the different ratios is 2 to 3. In the second series 
only bismuth gave positive deflections, and these were soun changed 
to negative. Zinc was negative from tlic first, and repeated whisk- 
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ing by the brush did not alter the mean very much. The value 
obtained, 42, does not differ much from the final mean, 45. This 
result gives strong support to the explanation given in this paper 


of the occasional positive electricity produced in zinc and some 
other metals, 


Tasie ITL—Observations of 28th December. 


First Series. —After being rubbed with warmed chamois leather. 


Copper (disc). Gold. (Copper (el.-pl.).! Silver. Nickel. 

105 128 | 60 70 48. 

105 130 70 68 44 

145 80 75 48 

128 180 75 80 45 

70 85 44 
Mean 116 151 71 76 46. 
Whisked. Whisked. Whisked. 

145 230 110 120 78 

165 200 117 105 87 

157 295 100 110 75 

140 200 105 115 73 

175 228 105 80 

Mean 156 216 CO 113 79 


Second Series.—After being eleaned again. 


Copper (disc) Copper (el.-pl.), Tin, , 
“with emery with warm with emery er 
and flannel. flannel. and flannel. Sand. 
76 80 210 
103° 90 190 60 
130 83 | 188 78 
130 88 190 80 
145 100 200 78 
Mean 117 196 
Whisked. | Whisked. Whisked. 
200 105 210 ee 
180 108 170 Aluminium, 
200 115 200 chamois leather 
190 104 and hand. 
150 103 Mean 193 
95 
Mean 184 107 Reverse Side. 73 
| 240 78 
315 | 84 
240 90 
, Mean 265 Mean 84 
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IIT.—Second Series—continued. 


Zinc, 


emery, flannel, hand. 


80 
18 


0 
+20 


50 
60 
30 


negative electricity. 
28 


Mean 36 


- Bismuth, Magnesium, 
flannel and hand. emery, flannel, hand. 

+20 28 

+ 46 45 
+35 53 
+32 40 
+15 58 
70 
Mean +50 80 
76 

Whisked, gave 


Mean _ 56 


55 
54 
30 
50 
80 


Mean 54 


Whisked. 
60 
50 
44 
30 


Mean 46 
~~ Whisked. 
70 
60 
60 
50 


Mean 60 


On the 27th the following observations were taken (Table IV.). 


With flannel for the rubber only lead and bismuth were positive, 


TaB.e IV. 
“| Hand. |" | State of Metal. 
nel, phur.| ber 
Gold, - ~ + — | -— | No scratches. 
- _ + + | + | Wax and other. 
Copper, . + | + | + | Wax. 
Silver, . - - + + | — | Few wax. 
Lead, + - + | + | + | Wax and other. -|' 
Brass, . + + |- | Wax. 
Iron, - +] |+ | Many, mostly 
wax. 
Zine, . - - + | + | + | Wax and other. 
Nickel, . —or + _ + + | + | None. 
(very small) 
Antimony, + + | | None. 
Bismuth, + + + + | + | Wax and other. 
Aluminium, . - _ + + | + | Wax and other. 
Magnesium, . ~ ~ + | + | + | Wax and other. 
German Silver, + + | | None. 


with the hand only bismuth. These are undoubtedly anomalies, — 


caused, I believe, by the abrasion of the metal. The exceptional 
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result for gold, when caoutchouc was 
the rubber, is doubtless due to an error 
in entering the result. But with sealing 
wax as the rubber we have varying 
signs. When the electricity of the 
metal was negative, there was no red 
scratch (a very little in the case of 
silver) left on the metal; when the 
electricity of the metal was positive, 
there was a red scratch, excepting 


Au 


Platinum Group. 


in the case of nickel, I conclude 136 Pt 
that the electricity of the metal is 

normally negative, but that when the 126 Sn-- 
wax is abraded it is changed to 

positive. 

By taking the average of all the 

averages, we get the values in the 102 Ag—+- 
bottom row of Table they are 
exhibited graphically on the accompany- s 

ing scale. The order of the metals here 

exhibited is not an arbitrary order; it E 

agrees pretty well with the order in © 
which the chemists arrange them, with 

respect to their affinity for oxygen. 
This was observed by Professor Tait at == (¢ 59 Ni-+ Brass. 
an early stage of the experiments. The _ 
metals of the iron group are found close E 64 50 Al 
together, and their order among them- 45 
selves is also significant. The metalsof 
the copper group are found together, & & | 
but of these lead is at a considerable Suge 
distance from the others; the entries “~ \ 22 Bi-- 


for that metal, however, vary consider- 
ably. Platinum and gold are next one 
another; the value for the former is as 
yet only approximate. The chemist 
classes tin along with antimony and . 


ELECTRO-FRICTIONAL 
bismuth; the two latter are found to- SCALE. 


| 
| 
4 
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gether and at the positive end of the scale, while tin is any at 
the negative end of the scale. 

The results of Becquerel may be deduced from this scale, with 
the exception of the position of tin and of iron. He agrees in making 
antimony and bismuth positive to zine. 

For the sake of comparison, I exhibit the electro-frictional series, 
deduced from this scale alongside of three other series which we 
should expect to have an intimate resemblance, 


TaBLe V. 
lectro-Contact | 
Electro-Frictional Electro-Contact Series in Air, by 
Series. ereciius. Series, by Hankel. — and 
erry. 
Gold. Antimony. | Platinum. Platinum. 
Platinum. Gold. Silver. Copper. 
Tin. Platinum. Gold. Brass. 
Silver. Silver. Copper. Tron. 
Copper. Copper. Tron. Tin. 
Lead. Bismuth. Bismuth. Lead. 
Brass. Tin. Antimony. Zine. 
Nickel. Lead. Lead. 
Tron. Nickel. Tin. 
Aluminium. Iron. Zinc. 
Zine. Zine. Aluminium. 
Magnesium. Aluminium. 
| Antimony. Magnesium. 
| Bismuth, 


It will be observed that the principal diversity consists in the 
positions of antimony, bismuth, and tin—all metals of the antimony 
group. As regards crystalline form, tin differs from the other 
metals comprised in the electro-frictional series; it belongs to the 
quadratic system. Silver, gold, copper, iron, lead, which are found 
together in the series, belong to the regular system of crystals ; while 
antimony, bismuth, zinc, magnesium, which are also found together, 
belong to the rhombic system. The last four metals also agreed 
in exhibiting the greatest tendency to be positive at first. 


BUSINESS, 


Dr Francis T. Bond was balloted for, and declared duly elected 
a Fellow of the Society. 


Trans. Roy. Soc., vol. clxxi. p. 34. 
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Monday, 21st January 1884. 
ROBERT GRAY, Esgq., Vice-President, in the Chair. 


The following Communications were read :— 


1. On Distant Vision. By E. E. Maddox, MB, OM. 
Communicated by Prof. Crum Brown. 


I believe it is universally assumed by English physiologists that 
the zero of accommodation is naturally associated with parallel visual 
axes as in the “Primary Position” of Helmholtz, Listing, &c.* 

It is self-evident that when even in actual life a body is viewed 

at infinite distance the visual axes must be parallel. It is also 
well known that the nervous connection between convergence and 
accommodation is a.most delicate and susceptible one, and is none 
the less so naturally because it is capable of being overcome for a 
time by various conditions. It is therefore quite reasonable to 
suppose that when the ciliary muscle is at rest the converging 
mechanism should be so likewise ; and to expect that the invariable 
- association of the visual actions of a life-time should be impressed, 
if not at birth, as Porterfield suggested, “by an original, connate, 
and immutable law,” at least by “dint of habit,” upon the very 
constitution of the governing ganglia. 

That this is not the case will be evident from the following 
experiment :—Let two small round holes be made through a piece 
of paper, nearly two and a half inches apart. Hold them hori- 
zontally about six inches before the face, and look through the left 
hole with the left eye at some very distant object. Four images. 
now, of course, appear as shown in fig. 1. Each hole throws a direct 
image nearly upon the macula of its corresponding eye, and another 
image obliquely upon the outer part of the retina of the opposite — 
eye. The appearance which results is represented in fig. 2. The two 


* “Tn investigating the movements of the eyes, we take as a normal point 
of departure a position of the eyes which corresponds to a minimum. of tnner- 
vation of their muscles. In this position, which is called the primary position, 
the visual lines are directed straight in front, parallel to each other, and in 
the same horizontal plane.” —Landolt. 
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direct images which fall nearly upon the retinal extremities of the 
visual axes are mentally referred close to the middle line in obedience 
~ to Hering’s law (quoted and supported by Helmholtz), that points 
looked at in space are referred to a line drawn from the root of the 
nose to the junction of the visual lines. Thus the hole A may 
be referred to c, and the hole Btod. The two indirect images 
are referred to the outer side of the hole which gives rise to them. 
Thus the image of the left hole A, upon the retina of the right 


6 
@o 


eye, is mentally referred to e, and the image of B to f. Neglecting 
for the present the lateral false images, it is easy to make the 
holes at such a distance that the two central false images c and d 
either coincide as in fig. 3, or appear in the same vertical line as in © 
fig. 4, in which case a slight obliquity is given to the paper, though 
it remains in the same plane. Each hole is now exactly in the 
visual axis of its corresponding eye, and were these axes parallel, 
this would be a simple method of obtaining what Donders has called 


L R 
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une “ interaxial distance.” This, indeed, was my purpose in trying 
it. With parallel axes, moreover, the position of the false images 
should be unaffected by making the paper approach or recede, for 
accommodation is still negative, and the left eye looking at a distant 
object. In reality, however, if the distance of the paper be either 
increased or diminished, the two central false images separate in 
proportion. A piece of red glass held in front of the right hole 


c a 
Fig. 2. 
€ ca 
Fig. 3. 

c 
d 
Fig. 4. 

© 

© 
¥ ig. 5; 
fe ad 
| © 
Fig. 6 


colours the right lateral image and one of the median ones, and 

shows that when the paper is made to recede, the red image travels 

to the right of the other, as in fig. 5, and when it is made to approach 

the red one travels to the left, as in fig. 6. From this it is clear 

that the visual axes are convergent. It may be objected that the 
VOL, XII. | 2F 


Jet 
a ; 
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left eye only is looking at a distant object, and accommodation may 
not be entirely suspended in the right eye, in spite of the assertion 
of Donders that accommodative effort is always the same in each 
eye. This objection would be met by the fact, that when the two 
central images are in the same vertical line as in fig. 4, distant 
objects are seen in each which are really separated by an appreciable 
horizontal interval. It is difficult to represent natural objects 
diagrammatically in the holes; but if we let them be repre- 
sented hypothetically by two vertical parallel lines at infinite dis- 
tance, one red and the other blue, the red line would appear in one 
hole and the blue one in the other, as in fig. 7. In this both eyes 


f 
O 


Fig. 7. Different objects are seen in c and d. 


Two hypothetical lines at infinite 
distance. 


Blue. | Red. 


cd 
OO 


Fig. 8. The same object is seen in c and d. 


are fixing distant objects. Again, when the images of the holes 
appear to be separated, as in fig. 8, the same object may be 
seen ineach, The distance between the holes in this case repre- 
sents nearly what would be the true interaxial distance when the 
axes are parallel (fig. 9). It is even possible for the two holes to 
continue separate for a little time when made exactly level, though 
usually they rush together without much delay. The simple ex- 
periment, with modification, is also available to determine the 
obliquity of the intercentral line, and the slight obliquities of the 
respective meridians of the two retine with the eyes at rest. For 
this purpose I make the holes through a piece of cardboard, 
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and fix a small spirit-level parallel to the line which joins them. 
The results of these experiments I must defer. It remains to 


The distance between these lines represents the error. 


Fig. 9. 


Position of two eyes when looking at the two holes, as in fig. 8 (exaggeruted). 

Ve=visual axis of each eye. The left eye is looking direct at the left hole, 
but the right is somewhat convergent, so the image falls on x instead of on z, © 
and is referred in consequence outwards. 

Centre of Rotation, c. 1°77 mm. behind centre of optic axis ( Donders). 

Principal optical centre p. 

The optic axis ‘‘o” (left eye) is seen not to coincide with the visual axis v. 


estimate the exact degree of convergence which is naturally asso- 

ciated with negative accommodation. 
To this end I have made use of a kind of camera devised. for 

another purpose, and find with my own eyes that convergence 


y 
| 
3 
\W 
| 
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occurs to 1°, so that while accommodated for infinity, the eyes 
direct their viswal axes to a point nearly 12 feet distant. Suppose, 
now, the eyes are accommoduted for an object at the distance of | 
12 feet. Surely now the accommodation and convergence will 
coincide! No; the right eye rolls inwards another 40’. The 
optic angle is therefore 1° 40’. It is easy to calculate trigonome- 
trically, knowing my own intercentral distance, that the visual axes 
must now intersect rather more than 7 feet from the eyes, while 
accommodation takes place for nearly 12 feet (11 feet 8). 

The slightest increase of accommodation is associated with a 
sympathetic advance of convergence, and there is a decreasing 
interval between the two. The excess of convergence over accom- 
modation diminishes as the object of view approaches till a certain 
point, when they both coincide. This point in my own case* is 
56 inches distant. As the visual object approaches still nearer, 
convergence fails to keep pace with accommodation. With each 
increment of accommodation throughout there is a corresponding 
increment of convergence, but a smaller one. It is like a long- 
legged and a short-legged competitor in a race, in which both are 
bound to keep step, the short-legged having a start, but the long- 
legged winning in the end. Being somewhat hypermetropic, my 
convergence would be expected to exceed my accommodation when 
the latter is negative, but strangely I have found the excess greater 
in most normal eyes I have tried than in my case, and to vary 
from 4° to 4°. I have not been able to experiment on many, but 
I have found it quite as much in one or two myopic patients. 

It raises the question, What is the position of rest of the eyes 
which they would assume in sleep ?-— _ 

I think it may be accepted as extremely probable that it is the 
natural condition of brain centres, at least those connected with the 
eye, to evolve some nerve energy, even in sleep. It is impossible 
for most people to relax their ciliary muscle completely without a 
distant object to look at, and even the faculty claimed by some 
oculists to be acquired by training, is received by their brethren 
with much incredulity. Evidently the degree of convergence, 
though it does not coincide with accommodation, is closely affected 


* I am unable to continue experiments on myself. 


‘ 
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by the latter. It may altogether be laid aside that the primary 
position of the eyes is tliat of rest. Landolt says—“ It is impossible 
for any one who has not practised to that end to give his eyes a 
direction absolutely parallel, especially in strabismus.” How he 
arrived at this result Ido not know, but probably with the inge- 
nious apparatus of Javal, which requires a candle near the patient’s 
face and a dark room. C 

Convergence without any definite point of view, therefore, must 
probably be considerable. Even the centre for the contraction of the 
pupil by light, which is regarded as a typical example of a reflex 
instead of a tonic ganglion during waking hours, is not improbably a 
tonic one naturally, for the pupil is semi-contracted during sleep, 
and dilates the moment a person wakes up. Whenever a distant 
object is viewed, impulses must ascend from the retina to inhibit 
reflexly the ciliary muscle, for it has no antagonist. Itis just as 
easy to extend the process to the centre for the contraction of the 
iris, and suppose that the activity of some other centre exerts, 
during waking hours, an inhibition over the tonic moiety of nervous 
energy for the sphincter pupilli, This indeed might throw light — 
upon the Argyll Robertson symptom of locomotorataxia and spinal 
myosis in general. It is impossible at present to decide, but I am 
inclined to believe that the position of rest for each person is that. 
point of space for which accommodation and convergence are equal. 
Opinions, however, will probably vary between this point and others 
at a greater distance, but none will entertain parallelism. 

These facts increase the difficulty of ascertaining the exact inter- 
axial distance between the two eyes; indeed, the name would be 
better changed to intercentral distance, as I have taken the liberty 
of doing in this paper. A glance at fig. 8 will show that the condi- 
tions would not be altered in the least, if the holes were drawn 
out into two parallel tubes, since the object is at practically infinite 
distance. Ifa screw were adapted to these tubes for their mutual 
approximation, or the reverse, they would resemble the visuometer 
for determining the interaxial distance. | 

It is conceivable that many subjects might aver that they saw 
the same object through both tubes, when in reality the objects 
were not completely fused. The error introduced is due to the fact 
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that the principal optical centre of the dioptric apparatus is more 
than 7 mm. anterior to the centre of rotation. In the following 
table I have estimated the degree of error for each 4° of conver- 
gence with distant vision. It is seen to be very trifling, and to reach 
half a millimetre only with 4° of convergence in emmetropia. In 
myopia the error would be greater, | 


06465 mm, 3° 30’ ‘4221 mm. 
*12635mm. 4° *5050 mm, 
1°30' mm, 4° 30’ -568 mm. 
2527 mm, 5° 631 mm. 
2° 30' mm, 560’ 1 mm. 


The error is avoided by the practice of shutting each eye in turn. 
It may be suggested that the eyes tend to take the position in which 
their optie axes are parallel, rather than their visual axes, but this 
would not account for the convergence of myopes in which the two 
axes coincide ; and in my own ease, convergence in spite of hyper- 
metropia is almost certainly less than the angle between the visual 
axes by two or three degrees at least. The two conditions so far 
seem to be quite independent, ; 


2. On the Formation of Small Clear Spaces in Dusty Air. 
By Mr John Aitken. 


(Abstract.) 


In the introduction a few remarks are made on the growing 
interest in everything connected with dust, whether it be the 
organic germs floating in the air, or the inorganic particles that 
pollute our atmosphere. Professor Tyndall’s observations on the 
dark plane seen over a hot wire* arg referred to, Lord Rayleigh’s 
recent discovery of the dark plane formed under a cold bodyt is 
described, and attention called to Dr Lodge’s experiments, detailed 
in a letter to Nature, vol. xxviii. p. 297. 


* Essays on the Floating Matter in the Air, p. 5, Longmans, Green, & C 
1831. 


t .Vature, vol. xxviii. p. 139 


- 
~ 
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The experiments described in this paper were made in a small 
dust-box, blackened inside, glazed in front, and provided with a 
window at one side. For illumination two jets of gas enclosed in a | 
dark lantern were used. The light entered the dust-box by the side 
window, and could be condensed on any part of the inside of the 
box, by means of two lenses fixed in a short tube, and loosely 
attached to the front of the lantern. Magnifying glasses of different 
powers were used for observation. The dusts experimented on were 
made, some of hydrochloric acid and ammonia; some by burning © 
sulphur and adding ammonia ; others by burning paper, magnesium, 
or sodium. Calcined magnesia and lime were also used, as well as 
ground charcoal. These three last substances were stirred up by 
means of a jet of air. | 3 : 

For testing the effects of slight differences of temperature, tubes in 
some form or other were generally used. These tubes were closed 
at the front, projected through the back of the dust-box, and 
were brought close to the glass front, for observation under strong 
magnifying power. The tubes were heated or cooled by circu- 
lating water through them in a small tube passing through their 
interior. 

Suppose the experiments to be begun by introducing a round 
_ tube into its place in the dust-box, and filling the box with any 
dust, everything being then left for some time, so that all the 
apparatus may acquire the same temperature, If the light be now 
allowed to fall on the box, and be quickly brought to a focus on the 
tube, it will be found that the dust is in close contact with it, on 
the top and sides, but underneath a clear space will be observed ; 
close examination will show that the particles are falling on the upper 
surface of the tube, and coming into contact with it, while under- 
neath a clear space is formed by the particles falling away from it. 
If the tube is now slightly cooled, a downward current is formed, and 
the currents of dustless air from below the tube meet under it, and 
form a dark plane in the centre of the descending current. It is 
shown that gravitation can, under favourable conditions, produce 
this separation of the dust quickly enough to keep up a constant 
supply of dustless air. No increase of effect is produced by a lower 
temperature. A temperature of - 10° C. makes the dark plang 
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thinner, because it increases the rate of the descending current, and 
carries away the purified air more quickly. 
A form of apparatus was arranged to get rid of this separating 
effect of gravitation. It consisted of an extremely thin and flat 
piece of metal. This test-surface was placed vertically in the 
dust-box. The air in passing over this piece of metal did not take 
up a horizontal movement at any part of its passage. The result 
was that even with a temperature —10° C. the dust kept close to 
its surface, and no dark plane was formed in the descending current. 
~The dark plane in the cold descending current seems, therefore, not 
to be an effect of temperature, but is the result of the action of gravi- 
tation on the particles under the body. A dark plane was, however, 
observed when working with this flat surface, when cooled ; but it 
was not formed in dusty, but in foggy air, and was found to be due 
to the evaporation of the fog particles when they approached the 
cold surface. | 
If a very little heat, instead of cold, as in the previous experiment, 
is applied to the round tube, then the dark space under the tube rises 
and encircles the tube, and the two currents of clear air unite over 
the tube, and form the dark plane in the upward current. But in 
addition to this, heat has been found to exert a repelling effect on 
the dust. This was proved by putting the thin vertical test-surface 
in the dust-box, and heating it ; when it was found that the dust 
was repelled from its surface, and a dark plane formed in the 
ascending current ; neither of which effects was obtained with cold. — 
The dust begins to be repelled with the slightest rise of temperature, 
and the dark space in front of the test-surface becomes thicker as 
the temperature rises. An experiment is then described in which 
the dust particles in the air flowing up between two parallel glass 
plates is caused to pass from side to side of the channel by the 
repelling action of heat at different points. | 
For testing the effects of higher temperatures a platinum wire 
heated ‘by means of a battery was used. The platinum wire was 
bent into a U-shape, the two legs being brought close together. 
This wire was fixed in the dust-box with the bend to the front, and 
the legs in the same horizontal plane, the two copper wires to 
which it was attached being carried backwards and out of the box. 
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By this arrangement a clear view was obtained all round the wire, 
and other advantages secured. Experimenting with this apparatus, 
it was found that different kinds of dusts had different sized dark 
planes. With magnesia and other indestructible dusts, it was very 
thin ; with the sulphate dust, it was much thicker; and with the sal- 
ammoniac dust, thicker still. So thick was it with the two latter 
kinds of dust, that the dark planes over the two legs expanded and 
formed one plane. As the particles could be seen streaming into the 
dark space under the wires, it was obvious that these large dark 
planes were not caused by repulsion, but by the evaporation or by the | 
disintegration of the dust particles. When making the experiment 
in a mixture of different kinds of dusts, the hot wire was surrounded 
by a series of zones of different brightness, and having sharp outlines. 
The size of the different zones was determined by the temperature 
necessary to evaporate the different kinds of dust present, and out- 
side these zones was another caused by the evaporation of the water 
from the particles. | 3 

The conclusions arrived at from these experiments are, that the 
downward dark plane is produced by the separating action of gravi- 
tation, in the space under the cold body, and that the upward dark 
plane is produced—lst, by the separating action of gravitation ; 
2nd, by the repulsion due to heat ; 3rd, by evaporation ; and 4th, 
by disintegration, _ 

The effect of centrifugal force is considered. It is pointed out 
that as the air in its passage over a body such as a tube, curves as _ 
~ much in one direction as it does in another, therefore any centrifugal 
effect produced in the one part will be reversed in the other. An 
experiment is described in which an air current is caused to curve 
through 180 degrees in its passage round the edge of a thin plate, 
and without any curving in the opposite direction, but no decided 
centrifugal action could be detected. 

The motions of the dust particles produced by the repulsion of the 
hot surface suggested that electricity might play some part in these 
phenomena. Experiments were made to test this: the hot body was 
insulated, and connected with an electroscope, but no electrical 
disturbance was observed, nor could any electrification be got from 
the dust and hot air streaming up from the hot wires. The effects 
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of electrification were studied oy insulating and charging the hot 
surface. The effect was found to be the opposite of the heat effect. 
If the potential is slight and the temperature high, the heat is able 
to keep the dust off the surface of the body, and the dark plane 
distinct ; but if the temperature falls, or the potential is increased, a 
point is reached when the electrical attraction overcomes the heat 
effect, and the dust particles break in upon and destroy the dark 
space. 

It was observed that after the dust particles were electrified they 
tended to deposit themselves on any surface near them, and experi- 
ments were made to determine the best conditions for purifying air 
in this manner. It was found to be best done by causing as rapid 
a discharge of electricity as possible, by means of points, surfaces 
being placed near them to increase the electrification of the dust, 
and to augment the rate of the currents of air which were driven 
_ from the points.. These surfaces became places on which the dust 
deposited itself before losing its charge. A large flask was found to be 
rapidly cleared of a cloud of dust by means of a point, the dust being 
almost entirely deposited on the inside surface of the flask. If the 
end of the conductor in the flask terminated in a sphere, but little 
effect was produced.  Llectricity has also been found capable of 
depositing the very fine dust of the atmosphere. The air in a large 
flask was purified much more quickly by means of the electric 
discharge than it could have been by means of an air-pump and 
cotton-wool filter. 

It is shown that a wet and hot surface repels dust much more 
powerfully than a hot dry one. From this it is concluded that 
the heat and moisture in our lungs exert a protecting influence on 
the surfaces of the bronchial tubes, and tend to keep the dust in 
the air, which is ebbing and flowing through them, from coming 
into contact with their surfaces, This was illustrated by placing a 
hot and wet surface in a current of dense smoke, where it remained 
some time without receiving a speck of soot, while a similar surface, 
but cold, was blackened with the smoke. It is pointed out, that 
on account of the irregularities on the surface of the tubes and 
of the more violent movements of the air in the lungs, and on 
accov ‘of curves and projecting edges, the protection in the lungs 
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is not perfect. Still it is thought that this repelling action at these 
surfaces must have some influence, and it seems possible it may 
explain some climatic effects, as it is evident that the lungs will be - 
much better protected in such places as Davos Platz, where the air 
is cold and dry, and the repelling forces at a maximum, than at 
places like Madeira, where the air is warm and moist, and these 
forces are at a minimum. This point can, however, only be. 
determined satisfactorily by anatomical examinations of lungs 
which have lived under the different conditions. 

In the experiments it was observed that dust not only tended to 
-move away from hot surfaces, but also that it was attracted by cold 

ones, and attached itself to them. To study this effect, glass plates 
were put in different positions near the hot platinum wire. Very 
beautiful impressions of the dark plane can be obtained by placing 
a piece of glass vertically and transversely over the hot wire. The 
hot air in flowing over the glass deposits its dust on the surface of | 
the plate, leaving a clear line in the middle, indicating where the 
dustless air of the dark plane had passed. In this way the dust 
is trapped on the glass to which it adheres with some firmness, and 
not only the impressions, but the dark planes themselves, may thus 
be preserved.* 

Other experiments, to study the repulsion and attraction of hot 
and cold surfaces, were made by placing glass plates on both sides 
of the hot wire. An interesting result was obtained when the plates 
were about 1 mm. apart. Using magnesia powder, the particles 
could be seen rising in the current and approaching the hot wire ; 
they were then observed to be violently repelled towards the cold 
surfaces, to which they adhered. If there was sufficient difference 
of temperature, not a single particle of dust was carried by the 
~ current past the hot wire. 

A thermic filter is then described. In this filter the air is passed 
through the space formed between two concentric tubes. One tube 
is kept cold by a stream of water, and the other heated by means of 
steam ora flame. This instrument was shown in action. One end 


* Specimens of these trapped dark planes were shown at the meeting. 
Some of them made of white powder deposited on blackened glass, others of 
charcoal deposited on opal glass. 
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of the filter was connected with a glass flask, in which the condition 
of the air was tested. So long as the difference of temperature was 
kept up, and the current not too rapid, the air passing through the 
apparatus showed no signs of producing cloudy condensation on the 
_ pressure being reduced, showing that the filter had trapped all, even 
the invisible dust particles. | 

- Some experiments on the effect of diffusion on the distribution of 
dust at the surface of a diaphragm are described. Where carbonic 
acid diffuses into a space, the dust comes close to the diffusing 
surface ; but if hydrogen is the diffusing gas, a clear space is formed 
front of the diaphragm. 

An explanation is then offered of the repulsion of dust by hot 
surfaces, and its attraction by cold ones. It seemed possible that 
the dust might be repelled in the same way as the vanes of a 
Crooke’s radiometer, by a radiation effect. That this is not the 
true explanation was, however, proved by placing in the dust-box 
a, polished silver flat test-surface, one half of which was coated with 
lamp black, when it was found that the dark space in front of the 
lamp black was no thicker than that in front of the polished 
metal, It is thought that the repulsion is due to the diffusion of 
the hot and cold air molecules. The hot surface repels, because the 
outward diffusing molecules are hot, and have greater kinetic energy 
than the inward moving ones; and as the side of the dust particle 
next the hot surface is bombarded by a larger number of hot 
molecules than. the other side, it is driven away from the hot 
surface, The attraction of a cold surface is explained by the less 
kinetic energy of the outward than of the inward diffusing 
molecules. Some experiments are referred to, to show that the rate 
at which gas molecules diffuse indicate that this diffusion effect is 
sufficient to account for the repulsion and attraction of the dust. 

If the explanation here given is correct, then the dust is repelled 
in the same way as the vanes of a radiometer when placed in front 
of a surface fixed inside the radiometer bulb, and hotter than the 
residual gas,—the principal part of the energy producing the motion 
being transferred from the hot surface to the repelled surface by 
the kinetic energy of the molecules, and not by radiation. 

In illustration of the tendency of dust to move from hot, and to 
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deposit itself on cold surfaces, the following experiments were made. 
Two mirrors, one hot the other cold, fixed face to face and ata 
distance of two or three millimetres from each other, were placed 
in a vessel filled with a dense cloud of magnesia, made by burning 
magnesium wire. After a short time the mirrors were taken out 
and examined. The hot one was quite clean, while the cold one 
was white with magnesia dust. In another experiment a cold 
metal rod was dipped into some hot magnesia powder ; when taken 
out it had a club-shaped mass of magnesia adhering to its end, 
while a hot rod attracted none. 

This tendency of dust to leave hot surfaces and attach itself to — 
cold ones, explains a number of familiar things, among others it 
tells us why the walls and furniture of a stove-heated room are 
always dirtier than those of a fire-warmed one. In the one case 
the air is warmer than the surfaces, and in the other the sur- 
faces are warmer than the air. This effect of temperature is even 
necessary to explain why so much soot collects ina chimney. It 
explains something of the peculiar liquid-like movements of hot 
powders, and perhaps something of the spheroidal condition. 

For practical application, it is suggested that this effect of 
temperature might be made available in many chemical works for 
the condensation of fumes, and that it might also be used for 
trapping soot in chimneys. A small trap of this kind was shown. 
It consisted of a tall metal tube or chimney, surrounded by another 
tube slightly larger. The products of combustion are taken up the 
centre tube, and down the intervening space. The heat of the gases 
is thus made to do its own filtering. This apparatus being placed 
over a smoky lamp, it trapped out most of the soot, and deposited 
it in the inside of the outer tube. This arrangement of apparatus 
is too delicate and troublesome for general use, and it is suggested 
that as by simply cooling gases in presence of plenty of surface, 
much of its dust is deposited, it might be possible and advantageous 
under certain conditions to purify air by heating and cooling it a 
number of times, which could be done at a small expense by means 
of regenerators. 

Experiments were also made by discharging electricity into the 
smoke inachimney. This also produced a marked diminution in 
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the blackness of the escaping smoke. The supply of. electricity of 
sufficiently high potential is, however, a difficulty for the present. 


The Remarkable Sunsets. By Mr John Aitken. 


The very remarkable and beautiful sunsets which have been so 
frequent of late, in which the sky has been lit up with a wondrous 
wealth of colouring, and with a splendour more than earthly, has 
given rise to much interest and speculation as to the cause of the 
brilliant colouring. According to one explanation, the effect is pro- 
duced by the light becoming coloured in its passage through the 
atmosphere by an excess of water vapour, or other absorbing 
medium, at present in the air. The other explanation is, that 
the effects are the result of a superabundance of atmospheric dust, 
probably due to the late eruptions of Krakatoa and other volcanic 
mountains. 

There seems to be a possibility of determining by observations 
which of these theories is the more probable. In all the descrip- 
tions of the sunsets the point which is most generally remarked on 
is the immense wealth of the various shades and tints of red. 
Now, if dust is the cause of these glowing sunset colours, then 
there must be somewhere a display of the colours complementary to 
the reds; because the dust acts, not by the selective absorption, and 
destruction of the colours, but by a selective dispersion of them. 
The very small particles of dust in the atmosphere stop the direct 
course of the rays and reflect them in all directions; but the dust 
particles are so very small, especially in the upper regions, that they 
are only capable of stopping, and reflecting, or scattering the rays of 
the blue end of the spectrum, while the red rays pass on unchecked. 
There therefore ought to be somewhere in the sky a display of the 
colours of the blue end of the spectrum. From the observations I 
have been able to make since this suggestion presented itself, I find 
that the display of blue and green colours is quite as prominent a 
feature of the late sunsets as the reds, 3 

Overhead the display of blue is fuller than I have ever seen it 
before; and as the sun passes below the horizon, and the lower. 
stratum of air with its larger particles, which reflect white light, 
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cease to be illuminated, the depth and fulness of the blue increases 
in a very marked degree. While the sky is deep blue overhead it 
will be observed that lower down the blue changes to blue-green, 
and in some cases to green, the wonderful greenness sometimes 
seen in a clear space in the sky being occasionally intensified by 
contrast with a rose-coloured cloud or haze alongside of it. 

These considerations seem to point to dust as the cause of the 
glowing colours of our late sunsets, as none of the colours are de- 
stroyed, but are simply sifted out and assorted, and the sunset colours 
seem to be produced in the following way : When we look into the 
clear blue sky overhead, we see the light selectively reflected from 
the small particles capable of scattering only the colours of short 
wave-lengths, and we see only blue. If in the evening we gradu- 
ally lower our gaze, and look into the clear sky in any direction not 
towards the sun, we will then see that the blue gradually changes 


to blue-green, and sometimes even to green, and lower down it | 
passes into white or rose-colour near the horizon, according to the 


_ circumstances, This green would seem to be produced in the fol- 
lowing way: Suppose we are looking northwards, then the light 
which enters our atmosphere from the west has, before it arrives 


at the part of the sky into which we are looking, had much of its | 


blue thrown out by reflection, and is therefore deficient in blue 
light; and the particles at that elevation are not large enough to 
reflect the red, so only green is reflected by the sky, and the red 
passeson. When we look overhead, we also look through this green 
stratum, so to speak, but the green is overpowered by the greater 
brilliancy of the blue. And, further, when looking upwards at 
only a slight angle, we see the light reflected from a far greater 
amount of the green stratum than when looking through it towards 
the zenith. 

The fine particles of dust having thus scattered the blue and the 
green rays, only the red rays are allowed to pass on, and we see them 
Teflected on the clouds far to the east of us, as well as to the 
south and north. Some of the most beautiful and delicate rose 
tints are formed by the air cooling and depositing its moisture 
on the dust, increasing the size of the particles till they are able to 
stop and reflect the rays of the red end of the spectrum, when the 
haze glows with a strange aurora-like light. 
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Another peculiar feature of these sunsets is the very remarkable 
amount of after-glow which has sometimes been observed. So 
brilliant is this after-light that to many it has seemed as if 
the light had returned and increased in brilliancy. This im- 
pression is, however, only subjective. If we watch the moon, 
it will be seen to become more and more brilliant, as the colour 
phenomena change, which would not be the case if the after- 
glow increased the light. ‘The apparent increase seems to be due 
to the sensitiveness of the eye becoming restored, after being 
fatigued by the bright light of day, and part of the apparent increased 
brightness is due to the increased sensitiveness of the eye, and part 
is due to the illumination becoming coloured. These remarks are, 
of course, altogether apart from the wonderful increase of twilight 
lately enjoyed, which has lengthened the day by nearly an hour, 
and refer only to the apparent increase and return of the light. 

The increased amount of red light which fell on the earth at and 
after sunset produced some very remarkable changes in the appear- 
ance of surrounding objects, causing all red or reddish-coloured 
objects to glow with a strange brightness, and destroyed the relation 
of the colours of the different objects to which we are accustomed. 
Dead beech leaves, for instance, which under ordinary conditions 
of light are not conspicuous, shone out brightly. But perhaps the 
most remarkable effect was observed when looking down on a town. 
Most of the houses were bathed in a uniform grey light; but all 
the tiled roofs shone out brilliantly, and looked very much as if 
they had just been painted with vermilion. 
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Monday, 4th February 1884. 


THE Richt Hon. LORD MONCREIFF, President, 
in the Chair. 


1. The President delivered the following Address, giving a 
Review of the Hundred Years’ History of the Society. 


At the close of our last Session, I undertook to call the attention of 
the Fellows at the commencement of the present to the history of 
the Royal Society, taking as my theme the completion of its 
hundredth anniversary. Circumstances have accidentally delayed 
for a month or two the fulfilment of that engagement ; but I now — 
proceed, to the best of my power, to discharge it. It is a very 
wide theme, and it will at once occur to you that a review of the 
topics which have engaged the attention of the Society during that 
period, rightly performed, would be equally beyond my ability and 
your patience. Ishould have to speak an encyclopedia, in many 
volumes. I can, however, but attempt some desultory and frag- 
mentary reflections, which may not be devoid of interest, on “the 
Foundation and the Founders of the Royal Society of Edinburgh,” 
as they appear to us in retrospect through a vista of a hundred 
years, 

There is no doubt now of our right to claim our centenarian 
honours. The Charter which we hold is dated on the 29th of March 
1783. Several preliminary meetings were held for the election of 
office-bearers and the enactment of bye-laws, but the first meeting 
for the transaction of business was held on the 8th of December 1783. 
So that, had I been able to accomplish my task as I had intended, 
on the 4th of December 1883, I should have invited your attention 
to the proposed review, as nearly as might be, on the completion of a 
century of operative life on the part of the Royal Society. 

I think we may look back on that long history with pride, with 
pleasure, and with profit, The attainment of this centenarian mile- 
stone in the life of man, or of nations, or of institutions, always 
brings with it an element of sentiment—a suggestion both of per- 
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manence and of change, which surrounds it with interest. It points 
to a commencement which probably no survivor recollects, and even 
in periods the least eventful, its long roll of expectations, efforts, 
and vicissitudes cannot be regarded without a share of emotion. 
But the century along which I invite you to look back to-night is 
su crowded with events in the political and social history of the | 
world, that its commencement shades obscurely away into the past. 
Since that day in dim December, when our great predecessors first — 
gathered together, under the shadow of their new Charter, all that 
was greatest and brightest in Scottish intellect at that time, what a 
marvellous wave of change has swept over the civilised world. The 
echoes of 1783 come to us as from the distant past, and range with 
the historic, not with the present. We think of: the Mirror and 
the Lounger, rather as the contemporaries of the Spectator and . 
the Tatler, than of ourselves, as though they had been the in- 
habitants of a different sphere from that in which we find ourselves 
to-day. | | 

Such is the instinctive feeling which first arises in the mind when 
we try to span in thought the interval between then and now; and 
so I felt when I began my preparation for my duty to-night. I have 
in the course of it been living with the great men of former days, as I 
find their thoughts recorded in our annals. I have gone over our 
Transactions for the first fifty years of the existence of the Society, 
and have risen from my task deeply impressed by the wealth of 
cultivated ability which that repertory contains. I mean to ask 
you to-night to accompany me in rather a rapid journey over that 
period, along with some of the best travelling companions which 
Scotland ever saw. As I became familiar with details, and the 
actual personality of the men, I found the apparent distance percep- 
tibly diminish, and began to think the century not so wide a chasm 
after all. This impression was heightened by finding, when I took 
my leave of our office-bearers at the comparatively modern half-way 
house of 1830, that three of them, at least, had accompanied me 
all the way. They were Henry Mackenzie, Baron Hume, and Sir 
William Miller of Glenlee. 

Long or short, however, as it may seem to us in reflection, the 
century has witnessed signal changes, and many momentous events 
have been crowded into it. Many stormy days and nights must have 
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been witnessed by our founders. The Fellows of the Royal Society, 
no doubt, in its philosophic retreat, know nothing of politics— 


‘*Quid Tiridatem terreat unice 
Securi.”’ 


Nevertheless, since its meetings commenced, the changes on the 
world’s chess-board have been numberless, and there is something 
impressive, if perhaps almost incongruous, in finding the Royal 
Society meeting quietly month after month in those first days of 
palpitation and alarm, as if utterly unconscious of the tempest 
which was raging without. The end of their first decade brought 
them to the deepest horrors of the first French Revolution. The 
end of the second, in 1803, saw the whole country armed to the 
teeth on the rupture of the Peace of Amiens. At the end of the 
third, Europe, after ten years of warfare and bloodshed, had not 
reached, although it approached, the crisis of Waterloo. Yet we 
could not have discovered from these records of learning what start- 
ling events were passing outside, while our forefathers discussed a 
geometrical problem, or pondered and disputed over the topography 
of the Troad. | 

Yet, regarding this long interval from the watch-tower of the 
Royal Society, I can trace within the century a revolution more 
wonderful and more extensive than monarchies, or empires, or 
republics can display. Since this Society held its first meeting, 
how great to the community has been the fruit gathered from those 
branches of knowledge which it was incorporated to prosecute ! 
During that interval, what has science not done for human comfort 
and happiness ? What interest so great, what dwelling so humble, 
as not to have felt its beneficent influence? Since the invention of 
the art of printing, no such advance in material comfort, prosperity, 
and intellgence has ever been made within a similar period as this 
century has witnessed, Its triumphs have not been confined to the 
more abstruse fields of thought and study, but have come straight to 
the world of everyday life. I need not go over the familiai” cata- 
logue ; but one homely illustration meets me on the threshold of 
the opening night ; and homely things go deep into the foundations 
of human life. I picture to myself our founders wending their way . 
to the College Library, through close and wynd, in mid-winter 1783, 
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while flickering oil-lamps made the darkness visible without, and a 
_ detestable tallow candle made the student miserable within doors. 
Those who cannot recollect the universal reign of tallow candles and 
their snuffers cannot appreciate how much the sum of human enjoy- 
ment has been enhanced, and the tranquillity of human temper in- 
creased, by the transmutation—partial, we must admit—of darkness 
into light. There has been, I believe, no more potent agent in 
humanising the denizens of our large cities than the flood of light 
which chemical science has in our day poured into their recesses. — 
The ingenious author of the diverting volume on the Miseries of 
Human Life, published, I think, about 1812 or 1814, was quite 
right in uttering one of his deepest groans over the illuminating 
horrors of that age of darkness. It does not detract from the pic- 
ture that, great as have been the triumphs of gas light, it is said even 
now to totter on its throne, and prophets tell us that before the end 
of the century which we now begin, it will probably have followed 
the tallow candles into the same unlamented obscurity. Prophets 
are not agreed about this; but even should this be so, history will 
carry to its credit the vast amount of public utility, and the many 
hours of useful employment or comfort in the factory, the study, or 
the sick room, which this simple application of chemical science 
gained in its day for the nineteenth century. | 
But the dispersion of material darkness is but a slender illustra- 
tion of the triumphs of scientific discovery. Time and space are no 
longer the tyrants they were in 1783. I rather think that when 
our founders first met, they could hardly hope to hear by post from 
London under ten days, as Palmer’s mail coaches had not begun to 
run until 1789. It would be an interesting inquiry, if my limits 
permitted, to trace the moral and social effects of the change from 
the days when a London letter took even three days to reach Edin- 
burgh, and cost 133d Lord Cockburn lamented over the prospect 
of London being within fifteen hours of Edinburgh, as endangering 
the characteristics of our socialjcommunity. His sagacity was not 
altogether at fault, but even that time has been reduced by a third, 
and I rather think we and the world are all the better of the change. 
But although larger victories were in store for the century, they 
came slowly. Both Boulton and James Watt were original mem- 
bers of the Royal Society, but it was more than thirty years before 
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steam navigation became general, and more than fifty befure the first 
passenger railway train ran in Scotland. No doubt, in 1791, 
Erasmus Darwin, in his “ Botanic Garden,” « poem too little read, 
had exclaimed in the well-known lines,— 


“Soon shall thy arm, unconquered steam, afar 
Drag the slow barge, and urge the flying car.” 


The fame of the elder Darwin has been eclipsed by his younger 
relative ; but he deserves to be remembered if it were only for the 
fact that he was the companion, friend, and adviser of James Watt, 
in whose genius he was an enthusiastic believer, and from whom he 
probably drew the inspiration which prompted the lines. The 
genius of James Watt and George Stephenson has changed all this, 
and, in changing it, altered the conditions both of public and of 
private life throughout the world. Darwin was not the only man 
of that time who looked forward with confidence to the ultimate 
victories of steam. Godwin, in his work, published in 1793, en- 
titled Political Justice, a book full of bold, if very doubtful specu- 
lation, argues that since the discovery of the steam engine, the © 
amount of manual labour required for the cultivation of the land 
was certain to be diminished. He says, in a passage which has 
been often referred to—‘‘ Hereafter, it is by no means clear that the 
most extensive operations will not be within the reach of one man ; 
or, to make use of a familiar instance, that a plough may not be 
turned into a field and perform its office without the need of super- 
intendence. It was in this sense,” he continues, ‘“‘that the cele- 
brated Franklin conjectured that mind would one day become 
omnipotent over matter,” and now that the locomotive carries 
mankind to all ends of the earth, Godwin’s sanguine suggestion 
has been all but realised. 

There has been during this interval a still more powerful magician 
at work. ‘To this audience I need not dwell on the triumphs of the 
future ruler of the world of science—electricity. But one illustra- 
tion I may be permitted. Franklin was one of the first of the non- 
resident members electéd by the Royal Society of Edinburgh. How 
little he thought when many years before he drew the electric spark 
from the cloud, that before a hundred years had sped, his experi- 
ment, but slightly modified, might convey a message from a meeting 
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of the Society in Edinburgh to one of its Fellows in New York, and 
bring back an answer before the meeting separated. 

In slightly alluding to this scientific revolution, my object has 
been partly to illustrate the surroundings of 1783, and also to re- 
mind my hearers that of all the changes the century has seen, far 
the most important, and the deepest, have been the work of science. 
Increased facilities for inter-communication carry with them a com- 
plete change in the economical and social condition of the communi- 
ties they affect. New wants, new customers, new ambitions, new 
possibilities, follow in their train by the operation of inevitable 
laws. What was a luxury before becomes an ordinary necessity 
thereafter. What was in fashion is obsolete, and what seemed 
chimerical may be accomplished. By this talisman we have seen, 
perhaps sometimes without due appreciation, many a social problem 
solved which had before seemed hopeless; and although in the pro- 
cess of transition some period of adaptation may be necessary, and 
some temporary hardship endured, the result in all cases must be 
beneficent, and is at all events beyond the power of lawgivers to 
control or to resist. 

These last remarks are not without an application to that circle 
of remarkable Scotsmen who constituted the Founders of the Royal 
Society. They were not only prominent by intellect and cultiva- 
tion, but they were each characteristic and distinctive. It would 
‘be as impossible to reproduce that circle now, as to restore the 
ancient lineaments, and Continental aspect, and Continental usages 
of the ancestral city where they flourished. Although the exodus 
to the North had already commenced, we do not associate the 
Founders of the Royal Society of Edinburgh with the Edinburgh 
of to-day, but with the tall tenements, the wynds and closes, the 
densely packed hive of educated and learned Scotsmen, as Gold- 
smith or Johnson found it; as it was in the early days of Kames 
and Monboddo, with its afternoon tea-drinkings and club suppers. 
The century which has changed so much has changed these things 
also, As far as external conditions go, no revolution could be more 
complete. It has been a change from cultivated homeliness to 
splendour, from frugal although dignified economy to as much 
domestic luxury as any community in Europe enjoys. While in 
1801 the whole population of Edinburgh was little over 60,000, it - 
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amounted by the census of 1881 to 230,000, spread over an area 
nearly ten times the former in superficial extent, and furnishing in 
every quarter splendid examples of urban architecture. 

The Royal Society itself was the culmination of that signal 
reviviscence of literary enthusiasm and power, which, to her own 
astonishment and that of the world, took place in Scotland in the 
second half of the eighteenth century. Stunned at its commence- 
ment by the removal of the legislature, and all the social prestige 
which the seat of a legislature enjoys, speaking a language which 
ultra-patriotic Scotsmen still think the more classic of the two, 
but still barbarous in Southern ears, the educated Scot set himself 
with the energy of a Border chief to try if he could not invade the 
territory of his neighbour across the Tweed in the world of letters, 
With what measure of rapid success the daring attempt was crowned 
the names of David Hume, Adam Smith, and William Robertson 
attest to this day. How it came that a knot of Scots philosophers, 
who used their own vernacular in: familiar intercourse, should have 
become examples, not of thought only, but of style, to Englishmen, — 
might admit of more detailed illustration than I can give it here, — 
But very soon these literary chiefs from the North became famous and 
popular among London men of letters, as well as with the public. 
I find David Hume writing from London to Adam Smith on the — 
publication of his Theory of Moral Sentiments in 1759, “ that he had 
sent a copy of the book to some of his acquaintances, and among 
the rest to Lord Lyttleton and Horace Walpole ;” and to Mr Burke, 
an Irish gentleman, he says, “ who has lately written a very pretty | 
treatise on the Sublime.” On the other hand, in Mr Cosmo Innes’ 
pleasant Memoir of Professor Dalzel, who, as we shall see, was a 
member, and one of the secretaries of the Royal Society at its foun- 
dation, he quotes a letter from the Professor to Sir Robert Liston in, 
1776, in which he says—“ There is published also a first volume, 
quarto, of a History of the Decline and Fall of the Roman Empire, 
by Edward Gibbon, Esq., a member of Parliamen ,’ an expression 
which may well be placed alongside of Hume’s reference to ‘ Mr 
Burke as an Irish gentleman.” A month before, in April 1776, 
this same Mr Gibbon wrote to Dr Adam Ferguson from London— 
‘‘T have always looked up with the most sincere respect towards the 
northern part of our island, whither taste and philosophy seemed to 
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have retired from the smoke and hurry of this immense capital.” 
He goes on to say, “ What an excellent work is that with which 
our common friend, Mr Adam Smith, has enriched the public—an 
extensive science in a single book, and the most profound ideas ex- 
pressed in the most perspicuous language.” In 1776 we find Adam 
Smith a member of the “Club,” founded in London by Johnson 
and Goldsmith; and the following Jines by Dr Barnard (I quote 
from Dugald Stewart's Life of Smith, read to the Royal a 
indicate a position of respect in that circle :— — 


“If I have thoughts, and can’t express ’em, 
Gibbon shall teach me how to dress ’em 
In words select and terse. 
Jones teach me modesty and Greek, 
Smith how to think, Burke how to speak, 
And Beauclerk to converse.” 


I was amused to find that the admission of Smith to the “Club” 
excited the intense jealousy of James Boswell, who, in a letter to 
_ Mr Temple, one of those published a few years ago—says loftily, 
“ Smith too is now of our Club. It has lost its select merit.” 

It is, however, to Dr Robertson and Lord Kames that we are 
mainly indebted for the idea of the Royal Society, and for the 
successful issue of the project. It sprung partly, of course, out of 
the example of the Royal Society of London. But its immediate 
antecedent was the Philosophical Society, which had been founded 
nearly fifty years before by the celebrated M‘Laurin, and contained 
many distinguished names, Lord Kames became its president, and 
raised it to considerable distinction, both in science and literature, 
although that vigorous and versatile thinker and writer did not live 
to witness the commencement of the new institution. Dr Robert- 
son’s plan was to absorb this Society and all its members in a new 
Institute, on the model of the Berlin Academy of Sciences, for the 
prosecution both of Physical Science and of Literature. 

I find from the minutes of the first meeting that the Society were 
of opinion that the College Library was an inconvenient place for 
their usual meetings, and a committee was appointed to find one 
more suitable, apparently without success, for they continued to be 
held in the library for twenty-three years, when the Society migrated 
to the Physicians’ Hall in George Street in 1807. They afterwards 
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purchased No. 40 George Street, in which the meetings were held 
until they obtained their present rooms in the Royal Institution. 
At a subsequent meeting, held on the 4th of August 1783, it was 
resolved that the Society should be divided into two classes, which 
should meet and deliberate separately, to be called the Physical 
Class, and the Literary class, with separate office-bearers. But I 
have detained you too long on the threshold by this desultory 
exordium. Let us now draw up the curtain, - display the 
Founders of the Royal Society. 

The first President was Henry, Duke of enieile “he had 
rendered great assistance in obtaining the Charter. The Vice- 
Presidents were the Right Hon. Henry Dundas, and Sir Thomas 
_ Miller, the Lord Justice-Clerk. 

I forbear to go over the names of what may be called the original 
members of the Society. I include in that term all who were 
elected within the first ten years. All the members of the Philo- 
sophical were assumed without ballot ; the rest, to the number of © 
more than a hundred, were elected by ballot, and a general invita- 
tion was made to the Lords of Session to join. These were the 
ordinary resident members. There was also a list of non-resident 
members, which comprised nearly as many. Of the ordinary resident 
members there is hardly a name which is not known—I might say 
conspicuous, in the annals of Scotland at that time. Twelve of the 
Lords of Session accepted the invitation, including the Lord- 
President, the Lord Justice-Clerk, and the Lord Chief Baron of the 
day ; upwards of twenty professors, with Principal Robertson at 
their head ; twenty-two members of the Bar, including Sir Nay Camp- 
bell, the Lord Advocate—and of these at least fourteen rose after- 
wards to the bench; the medical contingent included Monro, 
Gregory, Cullen, and Home; and the non-resident list contained the. 
names of the Duke of tcl the Earl of Morton, the Earl of 
Bute, the Earl of Selkirk, Lord Daer, James “Stuart Mackenzie, the 
Lord Privy Seal, Sir George Clerk Maxwell of Penicuick, Sir James 
Hall of Dunglass, and many other familiar names. But I select 
from the list those of the members on whom fell the burden of the 
real work ; and I venture to say that no city in Europe could have 
brought together a more distinguished circle. They were—TIlay 
Campbell, Henry Dundas, Joseph Black, James Hutton, John Play- 
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fair, Adam Smith, William Robertson, Dugald Stewart, Adam 
Fergusson, Alexander Monro (secundus), James Gregory, Henry Mac- 
kenzie, Allan Maconochie, and William Miller of Glenlee. I ought to 
add to these Sir James Hall of Dunglass and Sir George Maxwell of 
Penicuick. Some of these names are European, all are celebrated, 
and these were men who for the most part did not merely contribute 
the lustre of their names to the infant association, but lent the 
practical vigour of their great intellectual power to aid in the first 
steps of its progress. And very soon the impress thus stamped on 
the Society began to establish its reputation in the world, and it 
took no undistinguished place among the learned societies of Europe. 
I find the names of Goethe and Buffon among the original foreign 
members ; and although the events of the next twenty years inter- 
rupted our relations with the Continent, by the time the Society had 
completed the half century, there was scarcely a distinguished savant 
in Europe who had not joined or been invited into our ranks. 

In the physical class were four men who rose to great positions 
in the scientific world, and to whom the Society were greatly 
indebted for its general reputation, and for the vigour and 
efficiency with which their proceedings commenced. They were 
James Hutton, Joseph Black, John Playfair, and Dugald Stewart. 
Hutton and Black were then in the zenith of their fame, and have 
left a strong impress on the first years of our Society. Hutton was 
a most assiduous and energetic member. He had the distinction in 
the very first volume of the TZransactions of lighting up two 
scientific conflagrations which blazed fiercely throughout Europe for 
many years afterwards. One was his theory of the earth, over 
which the Neptunists and Vulcanists fought with much fury, and 
the flames of which are perhaps not altogether extinct. Much has 
~ been learned on these subjects since that time. Whether the world 
of geology has been fused into a coherent mass by reason of this 
combustion I need not inquire. There have been theories of the 
earth since then, and possibly the slumbering embers may be re- 
kindled. The other controversy was of narrower dimensions, and 
related to a paper of Hutton’s on the “ Theory of Rain,” which was 
strongly attacked by M. de Luc, a French philosopher, and de- 
fended by Hutton in the Transactions with not a little asperity. 
That Hutton should have succeeded in the very outset of the 
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Society’s labours in setting the philosophers of Europe by the ears, 
first about the fires beneath the earth, and secondly about the rain 
which falls from the heavens, is creditable at least to his energy. | 
Into the merits of these controversies it is no part of my province 
to inquire ; but I am desirous, in this review of the Society’s early 
days, to revert with gratitude and respect to the memory of one 
whose labours on behalf of the Society were invaluable. From 
1783 until his death in 1797 not a year went by in which our 
Transactions were not enriched by his vigorous conceptions. 

Hutton was an observer and a thinker of remarkable originality 
and power. He had been a lawyer, a medical practitioner, a farmer, 
and an agriculturist, before he became known as a natural philo- 
sopher. Vigorous in thought and full of enthusiasm, he is said to 
have been as brilliant in conversation as he was obscure in his 
written style. Professor Playfair did for Hutton’s theory of the 
earth what Dumont did for Bentham, and rendered his strong but 
obscurely expressed reasoning into clear and pellucid language. 

I ought, in justice to his great services to the Society, and his 
undoubted ability, to have coupled with the name of Hutton that 
of Sir James Hall of Dunglass, who was one of our most energetic 
members, and held the position of President for many years. He 
was a friend and admirer of Hutton’s, but, as he tells us, was at 
first entirely incredulous as to his theory of the earth, and it was 
only by the charm of his conversation, and verbal explanations far 
more lucid than his written style, that he at last adopted his views. 
It, however, occurred to Hall that if heat and pressure had pro- 
duced the effects attributed to them by Hutton, the truth of the 
theory might be tested by actual experiment. Hutton discouraged 
this view, thinking that the heat to which these appearances were 
due must have been so much more intense than any which could be 
artificially produced, that no satisfactory results could be hoped for. 
Hall had so much respect for his friend that he refrained from any 
public notice of his experiments during Hutton’s life; but after 
-Hutton’s death in 1797 resumed them with great ardour, and com- 
municated the results in two papers read to the Society—one on the 
composition of Whinstone and Lava, read in 1798, and a second 
most elaborate account of upwards of five hundred experiments, read 
in 1805. These experiments were conducted with immense perse- 
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verance, considerable expense, and varying results. They have, 
however, not been without fame and favour in the scientific world, 
for I found, in the library of the Society, thanks to the attention of 
our Librarian, a work and an accompanying letter which indicate 
more powerfully than any words of mine could do, what interest 
and importance is still attached to the results of his experiments by 
men of science on the Continent. The letter is addressed to the 
President of the Royal Society of Edinburgh by M. Daubrée, who 
therein mentions that he is President of the Academy of Sciences 
of the Institute of France; it is dated in June 1879, and was 
received by my predecessor in the chair. It is in the following 
terms (I translate the substance of it). He requests the President 
to beg of the Society to accept from him a copy of a work which 
he is in the course of publishing, entitled Synthetic Studies in 
Experimental Geology. He proceeds—“ It was on the soil of Scot- 
land that the powerful and fertile genius of Hutton was inspired, 
and it was in the Z’ransactions of your celebrated Society that 
James Hall published in the beginning of the century two papers 
of high importance to experimental geology. My expression 
of gratitude (hommage) is thus not without good reason.” The 
_ work itself is a record of a series of most elaborate experi- 
ments, proceeding avowedly on Hutton’s theory, and on the lines 
of Hall, accompanied by illustrative drawings, and intended to ex- 
hibit'the effects of various mechanical agents in combination with 
heat or fusion on the materials of the crust of the earth. 

The scientific merit of these views I do not pretend to judge; but 
it is at least a striking tribute to our Founders to find that their 
labours at the commencement of the century should be so highly 
appreciated by the world at large close on the end of it. 

Black, again, was a Frenchman by birth, although his parents 
were British, and he was nearly related to Adam Smith and to | 
Adam Ferguson. He came to Scotland when he was about twelve 
years old, and Jong before the institution of the Royal Society he 
had risen to the front rank of European chemists ; his discoveries on 
pneumatic chemistry and latent heat having laid the foundation of 
much that is valuable in subsequent investigations, and opened a 
course of inquiry pursued with great ability in our own Transac- 
tions by Leslie, and Brewster, and Forbes. He took a great interest 
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in the Society, although he only contributed one paper of importance, 
on “The Hot Springs of Iceland.” But no man has left a greater 
reputation behind him. I have said that Black was a relative of 
Adam Smith, who was on terms of the greatest intimacy with him 
and Hutton, and loved nothing so much as to get the philosophers 
together at what he called an Oyster Club, and listen to their talk. 
He appointed Black and Hutton as his joint-executors. Ferguson 
was also a relative, and Cockburn sketches what he recollects of 
each. He says of Ferguson—“I never heard of his dining out 
except at his relative Joseph Black’s, where his son, Sir Adam (the 
friend of Scott) used to say it was delightful to see the two philo- 
sophers rioting over a boiled turnip.” Cockburn used to watch 
Joseph Black from his father’s house in George Square, and thus 
describes him :— 

‘He was a striking and beautiful person; tall, very thin, and 
cadaverously pale ; his hair carefully powdered, although there was 
little of it, excepting what was collected into a long thin queue; 
his eyes dark, clear, and large, like deep pools of pure water. He 
wore black speckless ¢lothes, silk stockings, silver buckles, and either 
-aslim gteen silk umbtella or a genteel brown cane. The general 
air and frame were feeble and slender: The wildest boy respected 
Black. No boy could be irreverent towards a man so pale, so ele- 
gant, and so illustrious. So he glided like a spirit through our 
rather mischievous sportiveness unharmed.” _ 


The two others I have mentioned were too famous in their day, 
and ate so still, to require to be, or to admit of being, described 
here. John Playfair and Dugald Stewart were men who by them- 
selves could have raised to distinction any circle to which they 
belonged: Both of them were mien of great versatility, and within 
the walls of the Royal Society capable of filling a foremost place, 
whether in the fields of exact science or in those of literature or 
mental philosophy. | 

Dugald Stewart’s contributions to the Transactions are not so 
numerous as those of Playfair, but no man had more influence in 
moulding the tone and cast of thought prevalent amongst the culti- 
vated class of his countrymen than that most popular and most 
eloquent instructor of youth. 
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But no one can study these volumes of the Zrunsactions, as I 
have done, without feeling that for the first two decades of the 
existence of the Royal Society Playfair was the soul and life of the 
institution. His versatility and power have impressed me exceed- 
ingly, high as was the estimate I had previously formed of him. 
Profound and transparently clear, whatever might be the topic, he 
bears about him a far-reaching vigour which never flags. Whether 
it be the Origin and Investigation of Porisms, or the Astronomy of 
the Brahmins, or their Trigonometrical Calculations or Meteorological 
Tables, or a Double Rainbow, nothing seems too great or too small for 
him. Some of ‘his obituary notices are fine pieces of English com- 
position ; in particular, his notice of Dr William Stewart and of 
Hutton, and his fragment on John Clerk of Eldin, which is printed 
in the ninth volume of the Transactions. | 

In looking through the list of members towards the commence- 
ment uf the Society, two attracted my attention—from no special 
connection between them, excepting that they both were members | : 
of Johnson’s Club, and both were celebrated in Goldsmith's poem 
of “ Retaliation.” The first was one which, by itself, was sufficient 
to confer distinction on any assembly, however distinguished, that 
of Edmund Burke, who, according to Goldsmith’s cynical lines— 


‘* Born for the universe, narrowed his mind, 
And so partly gave up what was meant for mankind.” 


When I first observed the name, I wondered through what channel 
the great Irishman came into that company. JDalzel’s Memoirs, 
however, make that clear. Burke was that year (1784) Lord Rector 
of Glasgow University, and on his return from his installation paid 
a visit to Lord Maitland at Hatton House, and there Dalzel met 
him, was charmed by his conversation, and recruited him for the 
Royal Society. I am not aware that he was in Edinburgh on any 
other occasion. Dalzel writes to Sir Robert Liston on the 20th of 
April 1784—“ Our Royal Society is going on extremely well. I 
have proposed Mr Burke and you as new members.” Next month 
he informs Liston that he was unanimously chosen a member, 
‘‘ which,” he says, “was not the ease with Mr Burke. He was 
chosen, but not unanimously—there were several black balls ;” and 
the Professor proceeds to moralise on the oceasion. There is no 
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need that we should do so. It is not in the least surprising that in 
those days the very fact of his renown should have induced one or 
two men in any assemblage to doubt whether, born for the universe or 
no, he was specially born for the Royal Society ; and had the event 
occurred ten years later, the discontented might have been as 
numerous, but it is possible they might not have been the same. 
: The other name, although well entitled to remembrance on ac- 
count of its owner’s accomplishments and learning, owes its principal 
notoriety now to Goldsmith’s gibe. It was that of Caleb Whit- 
foord—the merry Whitefvord of the “ Retaliation”—of whom the 
author says— 


** For thy sake I’ll admit, | 
That a Scot may have hnmour, I had almost said wit.” 


Now, Goldsmith had a very genuine vein of wit and humour him- 
self, as all the world knows, and was a very good judge of it in 
others. It must not be supposed that his knowledge of Scotsmen 
was confined to those he encountered south of the Tweed, for he 
spent one year at least, I rather think two, in 1752, as a medical 
student in Edinburgh, attended Dr Monro secundus, and was, as 
Mr Forster in his Life tell us, a friend of Joseph Black’s. If so, I 
cannot help thinking he must have neglected his opportunities, 
if he found no humour in the circle in which Black moved. I 
have not time to unravel the mystery of Goldsmith’s life in Edinburgh 
farther, for what he did while there, or when or why he quitted 
it, is left in great obscurity ; but at least the Royal Society need 
not wince, for although wit and humour cannot be said to be the 
characteristic of our Z'ransactions, there was one Scotsman who 
spread the fame of Scottish humour as widely as that of the Vicar 
of Wakefield—he was President of the Royal Society, and his name 
was Walter Scott. : 

There are many curious and interesting bypaths, both of science 
and literature, traversed in these earlier volumes. In 1787 Mr 
George Wallace read a paper, which he did not incline to have 
printed in the Zransactions, which I regret, for it related to a sub- 
ject the interest of which has not ceased by the lapse of nearly a 
century. Its title was “On the Causes of the Disagreeableness 
and Coldness of the East Winds.” As I fear there is little reason 
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to think that the east wind has become less disagreeable or cold 
since that date, it might have been consolatory to know to what 
these attributes were due. At all events the question remains un- 
fortunately as prominently for determination in 1884 as it existed . 
in 1787. 

In the first volume of the 7'ransactions a very singular problem 
‘was presented through Mr Adam Smith to the Society, along with 
other learned bodies in Europe, by a Hungarian nobleman, Count 
Windischgratz, and a prize was offered by him of 1000 ducats for 
the best solution of it, and of 500 ducats for an approximation to a 
solution. It was a bold effort of philanthropy, for its object was 
the abolition of lawyers for the future. The problem was addressed 
to the learned of all nations. It was couched in Latin, but was in 
substance this :—“To find formule by whieh any person might 
bind himself, or transfer any property to another, from any motive, 
- or under any conditions, the formule to be such as should fit every 
possible case, and be as free from doubt, and as little liable to con- 
troversy, as the terms used in mathematics.” I suppose that the 
prospect here held out of dispensing for the future with the least 
popular of the learned professions, inclined the Society to entertain 
it favourably, for they proceeded to invite solutions of the problem, 
and three were received. by them. In 1788 we find it recorded in 
the minutes that Mr Commissioner Smith (for so the author of the 
Wealth of Nations was designed) reported the opinion of the com- 
mittee that none of the three dissertations amounted to a solution, 
or an approximation to a solution of that problem; but that one 
of these, with a certain motto, although neither a solution or an 
approximation to a solution, was a work of great merit; and Mr 
Fraser Tytler was instructed to inform Count Windischgratz of their 
opinion. Whether this meritorious dissertation obtained the 500 
ducats or no, we are not informed; but as lawyers continue to 
flourish, and legal terminology to produce disputes as prolifically as 
ever, it seems clear that the author had not earned them. 

Now that we have an observatory on Ben Nevis, our successors at 
the end of next century will know accurately the conditions of the 
climate under which the hundred years have been spent. There 
are, however, some details scattered over these volumes which are 
sufficiently interesting, although whether they show any material 
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alteration on our seasons, may be doubtful. The only cheering fact 
which they disclose is that the first set of returns do not support 
the idea that the mean temperature in the olden time was higher than 
itisnow. There are two sets of returns printed in the first volume 
of the Z'ransactions, one kept at Branxholm, from 1773 to 1783, 
communicated by the Duke of Buccleuch, who was the first Presi- 
dent of the Society, and the second by Mr Macgowan, kept at 
Hawkhill, near Edinburgh, from 1770 to 1776. In the first, the 
mean temperature of the ten years is 44°, in the second 45°—not a 
very genial retrospect. Things must have been somewhat dis- 
couraging for the farmers in 1782, for a paper is noticed in the 
second volume of the Z'ransactions, by Dr Roebuck of Sheffield, 
who was the manager of the Carron Iron Works, recommending 
farmers not to cut their corn green in October, although there was 
ice three quarters of an inch thick at Borrowstounness, because corn 
would fill at a temperature of 43°. Things looked brighter from 
1794 to 1799, for which years we have results furnished by Play- 
fair. For the first three years, 1794, 1795, and 1796, the mean 
temperature was 48°; and that although 1795 was one of the most 
severe winters on record, the thermometer having stood frequently 
several degrees below zero, and a continuous frost having lasted for 
fifty-three days. The mean temperature in 1794, however, was 50°. 
The account of the great frost of 1795, which is given in the 
Transactions, is well worth referring to. In the next three years 
the mean temperature was 48°, that of 1798 being 49°-28°. Of this 
year (1798) Playfair says that the climate of this part of the island 
hardly admits of a finer season. 

No tables were furnished to the Society in continuation of those 
of Professor Playfair until 1830, when fortunately Dr Barnes of 
Carlisle communicated to the Society a series of meteorological 
tables kept at Carlisle for the first twenty-four years of the century. 
The results seem mainly to concur with those of Professor Playfair. 
The mean temperature for the twenty-four years being 47°, being 
3 degrees higher than the average of the ten years from 1773 to. 
1783 at Branxholm, and 2 degrees higher than the mean temper- 
ature of the years from 1770 to 1776 at Hawkhill. The highest 
temperature I have noted in these returns is that of. May 1807, 
when the thermometer stood at 85° at Carlisle, and the heat on 
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“at 81°. The two years of this century in which the mean temper- 


ature was the highest were 1811 and 1822, in both of which years 
it was 49°, 

Of the purely scientific part of the Royal Society’s work for the 
first fifteen years of its labours, while Hutton and Black and Play- 
fair and Stewart were in full vigour, it is not too much to say it was 
brilliant, full of interest, full of power, and full of enthusiasm. 
The first great Founders, of course, gradually waned, and all such 
associations are necessarily subjected to alternations of the tide; but 
as the tale goes on, the mathematical papers begin to bear the names 
of John Leslie and William Wallace. We encounter Walter Scott 
in 1800, in 1808 the name of David Brewster, and in 1811 that of 
Sir Thomas Makdougall Brisbane, whose names adorned and whose 
labours were in the future the prop and stay of the Society. Of 
Scott I need not speak, but of the services rendered by Brewster it 
1s impossible to express myself too strongly. He too, like Playfair, 
had a mind of a rare versatility ; he could observe as well as draw 
from his own resources. He could reason as well as describe. He 
could build a framework of sound deduction from the most unpro- 
mising hypothesis, and work out with unflagging spirit the thread of 
demonstration, however slender. In some respects he differed from 
some of his contemporaries or predecessors. He did not for the most 
_ part shrink from giving the Society the benefit of his present 
thoughts and current experiments. Sometimes they were imperfect, 
sometimes perhaps even crude, but always full of acuteness, novelty, 
and genius. Had I had the scientific knowledge essential to the 
task, nothing I think could have been more interesting than to have 
traced Sir David Brewster's first speculations on light and heat con- 
- tributed to the Society to the end of his.career, and to mark and 
observe how great results gradually crowded on his canvas, to fill in 
the first slight and imperfect sketch. He was the most prolific con- 
tributor of his day; nor do I think that any one but himself in 
those times could have kept the fire lighted by Hutton and Playfair 
burning so brilliantly. For it is not to be disguised that in the heat 
of the continental struggle an air of languor creeps over the pro- 
eeedings. The joyous enthusiasm of 1783 refuses to be invoked, 
and is solicited in vain. Nor is it wonderful, when the Gauls were 
so nearly at our gates, the safety of our own commonwealth should 
have been comparatively our only care. But when 1815 had arrived, 
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and men’s minds, set free from the long anxiety, had again tranquillity 
to cultivate the arts of peace, the energy of the rebound was great, 
and the history of British science has been one continued triumph 


ever since, By the exertions of Brewster and Brisbane, and many 


other Associates, our Society again began to flourish, both leading 
and following the course of discovery as the stream flowed on. Both 
of these men continued to be the pride and ornament of the Society 
long after the expiration of that half century which I have assigned 
to myself as my limit. Sir Thomas Brisbane succeeded Sir Walter 
Scott as President in 1832, and survived until 1860. Long before 
that a new generation had surrounded the veteran philosophers, and 
their destiny has been to recount and carry forward discoveries of 
which even Brewster and Brisbane hardly dreamt. But the merits 
and successes of these later heroes must be the theme of some future 
historian, for at present, although posterity may think them braver 
sons of brave sires, they and their reputation are too close at hand 
to be properly treated of. Some names, indeed, contemporary with 


ourselves, but too early lost, I should like to have mentioned with — 


a word of commemoration; but, on the whole, I have thought it 
better to adhere to my ‘iheind programme. : 


I mentioned in the outset of these remarks that the Society, as 


originally constituted, was divided into two classes,—the Physical 


and the Literary,—and that these classes were to meet separately. 
I do not think this separation was politic; and it is impossible to 
deny that it very early proved a failure. For some years the lite- 
rary side of the Society was maintained with considerable spirit and 
' vigour, and some of the papers printed in the Transactions will 
repay perusal, Mr Maclaurin’s paper, to prove that Troy was not 
taken by the Greeks, is a bold, learned, and not unsuccessful chal- 
lenge of Homer’s historical accuracy ; and since Schlieman’s recent 
explanations, perhaps more reason has been shown for his doubts. 
M. Chevalier contributed an elaborate paper on the Plain of Troy, 


in French, which attracted attention, and obtained some reputation — 


on the Continent. One of the most important contributions to this 
department of the Society’s labours is a paper by Henry Mackenzie 
on the German Stage, written at a period when German literature 
_ was little known or appreciated in this country, and composed in 
the light, elegant style characteristic of the author. There is also in 
the second volume of the Transactions a scholarly and interesting 
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paper by Dr Beattie on the Sixth Book of Virgil’s Euclid, read in 
1787. Altogether, however, this class or section of the Society did 
not command the success which attended the physical. As time 
went on, there seemed to be a want of material, and the papers 
dwindled down to somewhat pedantic dissertations on grammar, on 
moods of verbs, on pronouns, on the Greek letter sigma, on the 
Greek Ac, on the necessity for defining synonymous terms, and 
topics of this class, which although valued by and probably interest- 
ing to a limited class of philologists, were not animated in them- 
selves, nor likely to excite-enthusiasm on a general audience. I was 
quite prepared, accordingly, to find that the result occurred which 
circumstances foreshadowed. The following entries occur in the 
Minutes :— 

“ 1793,—There being no business for the stated days of meeting 
in April, June, July, and November, no meetings were then held.” 

The same entry occurs in 1794; and the Literary class thus 
practically perished of inanition ten years after the foundation of 
the Society; and in 1808 the minute-book of that class ceases 
altogether. There has been no separate Literary class since the new 
rules passed in 1811. 

It is not difficult to trace the causes which led to the continuance 
of this. In 1783 there had been a wave of literary revival passing 
over Scotland ever since the middle of the century, and our prose 
writers, Hume, Robertson, Blair, and others of that circle, including 
specially Henry Mackenzie, had raised a spirit of enthusiasm for 
such pursuits. But such fashions rapidly change. The immense 
effects produced on human thought by the French Revolution gave 
a fresh impulse and a new direction to literary taste. New outlets, 
more profitable than the supply of our Transactions, soon afterwards 
opened to the literary world. The Edinburgh and Quarterly 
Reviews ; Byron, Scott, Wordsworth, Coleridge, and Campbell in- 
augurated a new era, under which the old ways became unfashion- 
able, and the old taste obsolete. Matters stood quite differently — 
with the Physical class. In that opinions may grow obsolete, but 
the theme never. Fresh ground is always to be found. So men 
turned out with alacrity to hear about the Vulcanists and Neptunists, 
or latent heat or the latest geometrical problem, who would not stir 


from their homes to be told the use of a subjunctive, or Dr Par’s 
derivation of the word “ swblimis.” — 
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In its former shape it would be impossible to revive the Literary 
class. Still I think it would lighten and enliven our meetings here 
if the graver matters of the physical class were sometimes inter- 
-spersed with contributions of a literary nature. This I see plainly 
cannot be done without some labour, and some concert among the 
Fellows. If I can aid in any such scheme, I need not say that any 
assistance I can give would be willingly rendered. 

Before quitting this subject of the Literary class, I would remark 
that the most valuable papers of this class are the Obituary Notices, 
which in general are good examples of vigorous and elegant writing, 


and are interesting as authentic records of celebrated men. The three. 


notices by Dugald Stewart of Adam Smith, Principal Robertson, 
and Thomas Reid are printed in Stewart’s Life by Sir W. Hamilton, 
and are masterpieces of biography. Two others in particular arrested 
my attention. The first, a very remarkable paper by the Rev. Mr 
Alison on Lord Woodhouselee, and the other, a charming bio- 
graphy of Lord Abercromby by Henry Mackenzie. 

One class of our Founders I feel I have treated with scant justice— 
I mean those of the legal profession. The truth is they furnished a 
large and available contingent, more perhaps in the way of influence 
than in that of contribution. But I have not done so from under- 
valuing the aid they gave, but because to estimate properly their 
assistance would have led me into inquiries which would have 
swelled this paper—already, I fear, too prolix—beyond reasonable 


dimensions. It’would have involved a dissertation on the Mirror — 


and the Lounger, and the state of periodical literature in Scotland 
at the close of last century. The men whom Henry Mackenzie 
gathered round him were almost all lawyers, and lawyers of note— 
Lord Abercromby, Lord Craig, Lord Dreghorn, and Lord Banna- 
tyne were men well deserving of commemoration. It is true, our 
- Transactions contain few contributions from their pen; but the true 
value of such institutions as the Royal Society is found mainly not 
in the contributions to the evening’s interest, but in the enthusiasm 
they foster and the inquiries they excite. One man who indicates 
earnestness in the prosecution of a science or an experiment, may do 
more to encourage the spirit and love of investigation than the more 
constant contributor. It is the social tribunal in which, after all, 
such institutious as ours must depend; and to excite general atten- 
tion, and stimulate rivalry, and inspire the generous emulation to 
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walk in the footsteps of our predecessors, and to keep the torch 
which they have handed down to us burning brightly, is to show 
ourselves worthy of our great inheritance. | 

I cannot finish, my remarks without a tribute of respect to the 
able and vigorous intellect of the man I just now mentioned—I mean 
Henry Mackenzie. The Society owes him many obligations; so 
does his country. He created a style of periodical literature in 
Scotland which has borne rich fruit; and although even he could. 
not prolong the life of the literary class, his own extended to a 
patriarchal age, in which he saw the lessons he had taught produce 
an exuberant harvest. Asa pendant to some of Cockburn’s sketches - 
of the olden time, I finish these desultory outlines by a quotation 
from another writer. The author of Peter's Letters—I suppose I 
may say John Gibson Lockhart—describes a dinner party about 
1818, at the house of Henry Mackenzie, at which the only other 
guest was another of our founders Adam Rolland, who, if he only 
lived on Raeburn’s canvas, could not have been forgotten. 

He says—“ The only visitor besides myself was an old friend, and 
indeed contemporary with Mackenzie, a Mr Roland, who was in his 
time at the head of the legal profession in Scotland, but who has now 
lived for several years in retirement. I have never seen a finer speci- 
men, both in appearance and manner, of the old Scottish gentleman. 

“Tt was a delightful thing to see these two old men, who rendered 
themselves eminent in two so different walks of exertion, meeting 
together in the quiet evening of their days, to enjoy in the company 
of each other every luxury which intellectual communication can 
afford, heightened by the yet richer luxury of talking over the feel- 
ings of times to which they almost alone are not strangers.” ‘ They 
are both perfectly men of the world, and there was not the least 
tinge of professional pedantry in their conversation.” He proceeds— 
“ According to the picture they gave, the style of social intercourse 
in this city, in their younger days, seems indeed to have been wonder- 
fully easy and captivating. At that time not one stone of the New 
Town, in which they and all the fashionable inhabitants of Edin- 
burgh now reside, had been erected. The whole of the genteel 
population lived crowded together in those tall citadels of the Old 
Town. Their houses were small, but abundantly neat and comfort- 
able, and the labour which it cost to ascend to one of them was sure 
to be repaid by a hearty welcome from its possessor. The style of 
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visiting altogether was as different as possible from the ceremonious 
sort of fashion now in vogue.” He concludes his description by 
saying, “If I were to take the evening I spent. in listening to its 
history as a fair specimen of the ‘Auld Time,’ I should be almost 
inclined to reverse the words of the Laureate, and say— 


Of all places, and all times of earth, 
Did fate grant choice of time and place to men, : 
Wise choice might be their ‘ Scot/and,’ and their ‘ Then.’” 

Enough for the present, this retrospect, and the slender tribute I 
have attempted to pay to the memory and labours of a masculine 
and powerful generation. That we have built on their discoveries, 
and have learned even by their errors, is quite true; for the history 
of the second half of the century exhibits science far in advance of 
1783, and even of 1833. In 1783 geology was in its infancy. 
Palxontology was all but unknown. Cuvier was only then com- 
mencing his pursuits in comparative anatomy, which were to end in 
reproducing the forms of extinct life. The glacial epoch had not 
then been elucidated by the research and genius of Forbes and 
Agassiz, and the dynamic theory of heat was still unproclaimed. 
The wonders of the photographic art were unknown, even in 1833, 
for Talbot and Daguerre did not come on the scene for several 
years afterwards. In 1833 the apostle and disciples of evolution 
-had not then broken ground on that vast field of inquiry. The 
ever-increasing development of the mysteries of light and sound, 
spectrum analysis, and the marvellous results which it has already 
furnished, and those which it promises, have in our day only 
heralded the advent of a new science. But, however far in advance 
of the Founders of the Royal Society the current philosophy may 
be, there was a robustness and characteristic individuality about the 
creat men of that generation which we may not hope to see replaced. 

We may assume, indeed we hope, that the close of the next 
century will find the progress of knowledge as far advanced beyond 
its present limits as we think that the science of to-day is beyond 
the point reached a century ago. We may be assured that before 
that time arrives, many surmises, still in ‘the region of hypothesis, 
will have become certainties, and that many supposed certainties 
will have turned out fallacies. Many errors will have been 
corrected, many dogmas discredited, many theories confirmed or 
refuted at the bar of ascertained fact, as those of 1783 have been. 
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Yet even then will our successors, I trust, as we now do, stand 
reverently before the memory of our Founders. In their very linea- 
ments, of which, as portrayed by the master hand of Raeburn, we 
saw many not far from this spot a few years ago, the vigour and 
originality of the men are written in characters not to be mistaken. 
Happy is the institution which can show such a muster-roll, and 
happy the country which can boast such sons. I take leave of my 
theme with the fervent hope and firm conviction that, in the century 
which we now inaugurate, the Royal Society will continue with like 
success the noble task to which by its Charter it is devoted, of in- 
vestigating the hidden treasures of nature, and appropriating them 
to the benefit and happiness of mankind. | 
On the motion of the Hon. Lord M‘Laren, a vote of thanks was 
accorded to the President for his address. 


~The following Communications were read :— 


2. On the Microscopic Characters of Volcanic Ashes and 

Cosmic Dust, and their Distribution in the Deep Sea 

_ Deposits. By Mr John Murray and Mons. A. Renard. 
Communicated by Mr John Murray. 


In the Session of 1876, Mr John Murray communicated to this 
Society a paper on the distribution of volcanic débris over the 
floor of the ocean,* and in it announced the discovery of cosmic 
dust in deep sea deposits. It was shown that at points, where 
neither the action of waves, rivers, or currents can transport the 
débris of continents, volcanic materials play the most important réle 
in the formation of the mineral constituents of the deep sea deposits. 
It was pointed out that pumice, on account of its structure, was 
able to float to great distances, but in time became waterlogged and 
sank to the bottom, there to decompose. On the other hand, inco- 
herent volcanic matters, ejected in the form of lapilli, sand, and 
ashes, into the higher regions of the atmosphere, may, ceteris paribus, 
be conveyed, in consequence of their small dimensions and struc- 
ture, to greater distances than other mineral particles derived from 
the continents. The possibility was also admitted that submarine 
volcanic eruptions might also contribute to the accumulation of 


* Proc. Roy. Soc. Edin., 1876-77. 
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those silicates and pyrogenous minerals and rocks, whose microscopic 
characters and distribution at the bottom of the sea we shall 
presently point out. 

During the past few years we have added greatly to the observa- 
tions which were the subject of Mr Murray’s communication. The 
present paper has been suggested by the striking analogy which 
exists between the volcanic products we have found in all deep sea 
sediments and the ashes and incoherent products of a recent cele- 
brated eruption,—that of Krakatoa, The remarkable meteorological 
phenomena we have recently witnessed have been attributed by 
some to the presence in the atmosphere of mineral particles derived 
from this - volcanic eruption, and by others to that of cosmic 
dust. It is said that in several places in America, and even in 
Europe, matters have been collected which must be regarded as the 
ashes from Krakatoa, which have been suspended for several months 
in the upper currents of the atmosphere. The importance of this 
matter has been recognised by the Royal Society of London, which 
has appointed a committee of its members to collect all the 
documents and observations relative to the distribution of these 
ashes. The present state of the question induces us to make known 
some results of the detailed researches which we have undertaken 
upon similar subjects. We desire to make known to those who wish 
to study atmospheric dust, the distinctive microscopic characters by 
the aid of which we have been able to establish the volcanic or 
cosmic nature of certain particles found in deep sea deposits, and to 
show at the same time the enormous area of the ocean over which 
we have been able to detect their distribution. 

We believe that no better example could be found in support of 
our interpretations than the microscopic study of the ashes from 


Krakatoa, whose mineralogical and chemical composition M. Renard * | 


was the first to make known, and whose observations on this subject 


have been amply confirmed by the later researches of other minera- — 


logists. On the other hand, the conditions under which floating 
pumice was found after that eruption agree perfectly with the inter- 
pretation given eight years ago by Mr Murray, relative to the mode 
of transport of these vitreous matters, and of the accumulation of 
their triturated débris on the bottom of the ocean. We shall also 


* *Les cendres volcaniques de l’éruption du Krakatau” (Bull. Acai. Roy. 
de Belgique, § sér. 3, t. vi. No. 11 Séance du 3 Nov. 1883). 
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see how the sorting which takes place in the transport of the ashes 
of a volcano has its analogy in what we find in the deep sea deposits. 

In the First Part of this communication we shall give the miner- 
alogical description of the fragmentary products of Krakatoa, and 
consider generally the observations relative to these ashes. We 
shall also give the diagnostic characters of this volcanic dust, and of 
all similar particles which we find in deep sea deposits. In the 
Second Part, we will treat of the cosmic matters found in the 
abysmal regions of the ocean, to which Mr Murray was the first to 
draw attention, and discuss their _— and distribution. 


First 


_ It is unnecessary to refer to the abundance of floating pumice, to 
its various degrees of alteration, to its conveyance by means of 
rivers, waves, and currents, and to its universal presence in deep sea 
deposits, which have been pointed out in some detail in Mr Murray’s 
paper above referred to; but we will briefly recapitulate the char- 
acters of these volcanic matters, in accordance with the examination 
we have made of a large number of soundings and dredgings. We 
- need not describe in detail the special characters of the lapilli which 
have been brought up in the dredge and sounding-rod from great 
depths. These fragments of more or less scoriaceous rocks belong 
to the same lithological varieties as those derived from terrestrial 
volcanoes. They consist of fragments of trachyte of various dimen- 
sions, of basalt, and, above all, of augite-andesite ; the most remark- 
able, beyond all question, being lapilli of sideromelan, which are 
often entirely transformed into palagonite, and pass into the clay 
which is found so widely distributed, especially in the Pacific. 

We do not propose here to take up in detail the wide distribution 
of the materials ejected from Krakatoa; we are engaged in collect- 
ing these, and will place the observations on maps along with 
those of Mr Buchan on the upper currents of the atmosphere, which 
will be published in the “‘ Challenger” Reports. 

Before, however, passing to the description of the ashes themselves 
we will briefly refer to some points touched upon by Mr Murray in 
his paper. Itis there pointed out that, in regions far removed from 
coasts, rounded fragments of pumice were collected on the surface 
of the sea by means of the tow-net, and that, at certain points on 
the bottom of the ocean, the greater part of the deposit is composed 
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of vitreous splinters derived from the trituration of pumice stones. 
The description of the phenomena connected with the Krakatoa 
eruption gives us a complete explanation of these observations. 
The specimens of pumice from Krakatoa, which have been collected 
floating on the sea and which we have examined, are in like manner 
rounded. The angular surfaces are all worn away just as in 
pebbles ; the only asperities to be observed consist of crystals and 
fragments of crystals, which project beyond the general surface of 
the vitreous matter, which last, on account of its structure, presents 
less resistance to wear and tear than the minerals which are 
embedded in it. ? 

We may recall the fact that the Bay of Lampoung, in the Straits 
of Sunda, was blocked by the vast accumulation of pumice, formed 
in a few hours by the eruption of Krakatoa, which completely filled 
the bay. This floating bar of pumice stones was about 30 kilometres 
long, 1 kilometre broad, and 3 to 4 metres in depth, 2 or 3 metres of 
which were below the surface of the water, and 1 metre above. 
These numbers give about 150 millions of cubic metres of ejected 
matter. This moving elastic wall rose and fell with the waves and 
tide,* and was carried by currents thousands of miles from the point 
of eruption over the surface of the ocean. The rounded form of 
blocks of pumice met with everywhere floating on the surface of 

the sea, as well as of those samples which, after having floated some 


time, became waterlogged and sank to the bottom, may be perfectly — 


explained if we remember the friability of this rock, and, at the same 
time, the agitation to which it is submitted by the waves, through 
which the pieces are continually being knocked against each other. 
We understand also how this wear and tear gives rise to an immense 
quantity of pulverulent pumice fragments, which contribute in a great 
measure to the formation of oceanic deposits. As a matter of fact, 
rounded fragments of pumice have been met with floating on the 
surface of every ocean, and during the last few years many samples 
have been sent to us by captains of ships and missionaries. As has 
been already pointed out, they are universally distributed in oceanic 
deposits, although frequently highly altered. 

If it be easy to pronounce upon the volcanic nature of these bites 
fragments, it becomes, on the other hand, exceedingly difficult when 
we have to deal with particles reduced to powder, and when 


* Comptes rendus de V Académie des Sciences, 19 Nov. 1883, p. 1101. 
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recourse must be had to the microscope. Let us see what are the 
microscopic characters by which we recognise the particles of this 
dust. 

We may here point out that it is not so much the presence of 
volcanic minerals which enables us in a marine sediment, as well as 
in an atmospheric dust like the ashes of Krakatoa, to recognise that — 
the small fragments have an eruptive origin, as the microscopic 
structure of the small vitreous particles. It is well known that 
minerals reduced to small dimensions and irregularly fractured, as 
in the case of volcanic ashes, often lose their distinctive characters, 
Their size does not allow us to judge of their optical properties ; 

their form, irregular and fragmentary, renders it difficult to de- 
termine the characteristic extinction of the species; the phenomena 
of coloration, of pleochroism, and the tint peculiar to the mineral, 
all lose so much of their intensity, that they no longer serve for the 
identification of isolated minerals like those of the voleanic ashes 
which we have tostudy. Asa result of our observations, we believe 
that in most cases where a mineral, under the conditions we have 
just described, reaches dimensions less than 0°05 mm., its deter- 
mination with certainty is no longer possible, and consequently its 
origin can no longer be established ; whilst a vitreous fragment, like 
those of volcanic ashes or triturated pumice, continues to be dis- 
cernible when its dimensions are less than 0°005 mm. A reason 
for showing that the absence or rarity of crystals, or of fragments 
of volcanic crystals, ought not to be taken as a proof that a 
sedimentary matter, either from the atmosphere or from the deep 
sea, is not of volcanic origin, is the sorting process to which these 
matters are subjected in the air and in the.water, a phenomenon to 
which we shall presently recur. 

The most reliable distinctive character is always found in the 
structure of the small vitreous particles which are derived from the 
trituration of pumice or have an analogous origin, inasmuch as they 
have been ejected from the volcano in the state of ash. The struc- 
ture peculiar to these materials is seen in their fracture, which leaves 
its impress upon the smallest fragments of débris, in which the 
microscope can decipher no characteristic properties except such as 
have relation to form. In order to assure ourselves that these 
characters of pumice remain constant to the extreme limits of pul- 
verisation, such as are employed in the preparation of silicates for 
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chewical analysis, we pounded in an agate mortar several varieties 
of pumice, and the powder thus produced clearly showed itself to 
be composed of particles in which were recognisable, with little 
trouble, the characters of the pumice-like material which is constantly 
met with in the sediments, and of which the ashes of Krakatoa give 
us beautiful examples. The diagnostic character to which we here 
make allusion rests on the distinctive peculiarities of incoherent 
volcanic products. What distinguishes them from lavas is not 
merely the extraordinary abundance of vitreous matters, but also 
the prodigious number of gas-bubbles which are enclosed by the 


pumice and vitreous volcanic sands and ashes. These bubbles. 


are due to the expansion of the gases dissolved in the magma, 
which also determine the eruption. If we admit, as everything seems 


to show, that these incoherent volcanic matters are the products of — 


the pulverisation of a fluid magma, we can understand that these 


particles, on cooling rapidly, will remain in the vitreous state, and, on | 


the other hand, that the dissolved gases, yielding to the expansion, 
- will form numerous pores which will become elongated owing to the 
mode of projection. It is the existence of these bubbles, or of such 
a filamentous structure, which points out to us the vitreous volcanic 
materials in spite of the great fineness of subdivision. It is also 
this structure which allows these bodies to be carried to such great 
distances from the scene of eruption. 

The examination of the Krakatoa ashes, and of the dust resulting 
from the pulverisation of the pumice of that volcano, shows 
markedly the peculiarity due to the bullous structure. If this 
grey-green pulverulent matter be placed under the microscope it is 
seen to be composed of almost impalpable grains, with a mean 
diameter of 0'1 mm., which are almost exclusively colourless or 
brownish vitreous particles permeated by bubbles. The bubbles 
are rarely globular, but often elongated, as we have just pointed 
out, and they give a drawn-out appearance’ to the fragments. As 
often happens, several bubbles are elongated parallel to each other, 
and in this case, the pore becomes a simple streak ; the fragment 


then assumes a fibrous texture, which may cause it to resemble at 


first sight a striated felspar or an organic remnant; but an exa- 
mination of the outline will never allow of this confusion. If we 
examine the terininal contours and lines of these bubble-containing 
fragments, we never find that they are straight lines, but that 
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thoy show a ragged appearance, all the sinuosities being curvilinear. 
This mode of fracture is in correspondence with the vacuolated 
structure, and, just as in the porous pumice, the vitreous volcanic 
ashes are permeated by vacuoles ; besides, everything goes to show 
that the fragmentary condition and the fresh fractures are due to a 
tension phenomenon which affects these vitreous matters in a manner 
analogous to what is observed in the “ Rupert’s drops.” 


Fic. 1.—Vitreous particles of the Ashes of Krakatoa, which fell at Batavia, 
27th August 1883 (45). 

We have pointed out that brown vitreous fragments are rare in 
the ashes of Krakatoa. These, however, contain skeletons of — 
magnetic iron, and are devitrified by microliths.* It is scarcely 
necessary to add that the particles, whose form we have indicated, 
are isotropic. If under crossed nicols we sometimes see the field 
illuminated, this is due to crystals in the vitreous matter, or to 
phenomena of tension, which are sometimes observed in the neigh- 
bourhood of the bubbles. 

These details on the microstructure of the vitreous particles from 
Krakatoa can be applied with most perfect exactitude to the vol- 
canic dusts, which we have determined as such, in the deep sea 
deposits. In virtue of their bulbous structure, their dimensions, and 
their mode of projection, they are capable of being widely transported 
from the point of eruption by aerial currents. It must be admitted, 


* Just as we can divide pumice microscopically according as it is acid or 
basic, so the products of its trituration may be recognised under the microscope, 
inasmuch as the former often give colourless and more elongated particles, 
while the fragments of basic pumice have a more pronounced tint and more 
rounded pores. 
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however, that in the deep sea sediments a very large part of these 
vitreous splinters has not been derived from the pulverised ejections 
from a volcano, but from the trituration of floating pumice, of which 
we have given above a strikingexample. It will be understood that 
it is scarcely possible to trace the difference between volcanic ashes, 
properly so called, and the products resulting from the pulverisation 
of floating pumice which we have just indicated. As in the inco- 
herent products of Krakatoa, so we find spread out on the bottom of 
the sea many more vitreous particles, similar to those we have just 
described, than of true volcanic minerals, This is easily explained, 
however, when we remember how the distribution of volcanic dust 
takes place. 

Let us now point out the minerle which can be determined with 
certainty in the ashes of this great eruption; and we may at once 
remark that they are the same which we have. almost always found 
associated in the deposits with the splinters of glass. In general 
all the crystals are fractured, except those which are still embedded 
in a vitreous layer; this vitreous coating is often crackled and 
bullous. In the ashes of Krakatoa, however, we have not remarked 
the globules of glass which are often described as glued to the 
minerals of volcanic ashes, nor have we seen the drawn-out vitreous 
filaments resembling Peles hair. ‘he minerals of the Krakatoa 
ashes which are susceptible of a rigorous determination belong to 
plagioclase, augite, rhombic pyroxene, and magnetite.* We shall 
presently see the peculiarity. which distinguishes each of these 
species in the ashes. 

Among the most frequent minerals, but poorly represented in 
comparison with the vitreous matter, plagioclase felspar comes first. 
This mineral has about the same dimensions as the vitreous frag- 


ments, and, with the exception of the crystals entirely enclosed in | 


the pumice matter, is in the form of débris. Sometimes twins on the 
albite plan can be distinguished, and the results of analysis clearly 
indicate that it is triclinic felspar which should almost exclusively 
be found in this ash. But the most interesting crystals of plagio- 


* Lately the works on these same ashes have made known as accidental 
elements pyrites, apatite, and perhaps biotite (?). It is to be remarked, how- 
ever, that these minerals must be extremely rare in comparison with the 
vitreous matters and mineral species above-mentioned. 
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clase, and the most characteristic of this ash, although represented 
very rarely, are in the form of rhombic tables, extremely thin, and 
covered with a fine lacework of vitreous matter. We know that 
the crystals described by Penck* in a great number of lapilli 


and of volcanic ashes, upon the nature of which doubts have been 


expressed, belong incontestibly to the plagioclases, and represent an 
isomorphic mixture analagous to that of bytownite. It is to Mr 
Max Schuster} that we owe this specific determination. Having 


found in numerous sediments of the Pacific these same crystals in 
the form of rhombic tables, and possessing preparations which would 
be of great interest to him in his remarkable optical studies on the 


felspars, we submitted them to this ingenious mineralogist in order to 
confirm our determination. We believe it will be interesting to give 
a resumé here of the results of the observations of Mr Schuster, 
which are perfectly applicable to the characteristic crystals of felspar 
from Krakatoa, as well as to those which we have discovered in a 
great number of deep sea soundings. | 

This plagioclase occurs for the most part in flat tabular crystals 
with the clinopinakoid especially developed. Individuals of the 
columnar type, elongated in the direction of the edge P/M, are rare. 
These tabular crystals consist essentially of a combination of the 
clinopinakoid with P and x, more rarely with P, w, and y, and 
occasionally x and y appear together. In the first case the crystals 
have the form of a rhomb, in the second case they are elongated’ 
through the predominance of either x or P. The dimensions of 
those crystals which were examined and measured, lie between the 
line 0°61 mm. broad and 1 mm. long as maximum, and 0-015 mm. 
broad and 0-042 mm. long as minimum. The extinction of the 
plagioclase is negative. Its value was found to vary between 22° 
and 32° on the clinopinakoid, and between 8° and 16° on the ~ 
basal plane. The average values of many measurements made on 
good crystals are as follows :—24° 12’, 25° 6’, and 29° 6’ on the 
clinopinakoid, 10° 42’ on the one side, and 10° 18’ on the other 
side of the twinning line, as this is shown on the basal plane. 


* Penck, ‘‘Studien iiber lockere vulkanische Auswiirflinge,” Zeitschr. d. 
deutsch. geol. Gesellsch., 1878. 

+ Schuster, ‘‘ Bemerkungen zu E. Mallard’s Abhandlung sur l’isomorphisme 
des feldspaths tricliniques, &c.,” Min. petr. Mitth., v. 1882, p. 194. 
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Polysynthetic individuals, made up of repeated twins on the albite 
plan, were very rarely observed. The felspar in its optical pro- 
perties is thus seen to lie between labradorite and bytownite. 
The twin growths are particularly frequent and interesting on 
account of the structure of the individuals. In addition to those 
of the albite type, others were observed in which the edges P/M 
and P/K could be definitely determined as the axes of twinning, 
whilst P and K formed the twinning planes. The plane of composi- 
tion was principally either P or M when penetration twins were 
not observed. | vee 
These fragments and crystals of plagioclase contain inclusions of 
vitreous matter, and sometimes grains of magnetite. Perhaps a 
small number of felspathic grains may belong to sanidine, the 
presence of which is insinuated by the percentage of potass indi- — 
cated by the analysis which follow (K,O = 0°97 per cent.). : 
We have said that the pyroxenic minerals of the ash are augite and 
a rhombic pyroxene; we distinguish them by the microscope some- 
times in the form of fragments—and this is usually the case—some- 
times in the form of crystals, which we can isolate from the 
voleanic glass covering them by treating them with hydrofluoric 
acid. In the crystals of augite we distinguish the faces of a 
_ prism, of the brachypinakoid, and indications of the faces of a 
pyramid, This augite is pleochroic and has a greenish tint, and 
extinguishes in certain cases obliquely to the prismatic edges. It 
is this character which often permits it to be distinguished from 
rhombic pyroxene with which the augite is associated. The 
crystals of hypersthene are transparent, of a deep brown colour, 
_ strongly dichroic, with green and brown tints. They are in rect- 
angular prisms terminated by a pyramid, and extinguish between 
crossed nicols parallel to their longitudinal edges. Magnetic iron, 
which is rather abundant in the ashes, is recognised in the form of 
grains and octahedrons. "We have not been able to detect with 
certainty either hornblende or olivine. The largest grains of this 
ash are true microscopic lapilli, where we distinguish in a vitreous 
mass microlithic crystals of felspar, of magnetite, and more rarely 
of pyroxene. Finally, we observe with the microscope particles of 
an organic origin, which are easily recognisable by their fibrous and 
reticulated structure. These impurities may have been transported 
VOL. XII. 2 I. 
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by winds, or may have come from the ground where the ashes were 
collected. | 

In spite of all the uncertainties which the exact diagnoses of 
volcanic dust present, we can consider them often, from the point 
of view of their mineralogical composition, as analogous with the 
augite-andesites. We know, besides, that it is to these rocks that 
the lavas of the volcano of Krakatoa should be referred. 

The ashes which fell at Batavia on the 27th August 1883, and 
samples of which were sent to Holland by M. Wolf, resident on 
that island, have been analysed with the following results :— 


I, 1°119 grm. of substance dried at 110°C., and fused with carbonate of soda 
and potash, gave 0°7799 grm. of silica, 0°1754 grm. of alumina, 0°0911 grm. of 
peroxide of iron, 0°0401 grm. of lime, 0°398 grm. of a of mag- 
nesia, answering to 0°01434 grm. of magnesia.* 

II. 1°222 grm. of substance dried at 110°C. gave 0:0335 grm. of loss on igni- 
tion (water, organic substances, chloride of sodium); the same substance 
treated with hydrofluoric and sulphuric acids gave 0°1161 grm. of chloride of 
sodium and potassium, and 0°0118 grm. of chloroplatinate of potassium, 
answering to 0°0118 grm. of potash and to 0°0188 grm. of chloride of potas- 
sium; by difference=0°0973 grm. of chloride of sodium, answering to 0°05163 
of soda. 

III. 1:7287 grm. of substance dried at 110° C. was treated in a closed tube with 
hydrofluoric and sulphuric acid. The oxidation required 2°3¢.c, of perman- 
ganate of potash (1c.c.=0°0212 grm. FeO), answering to 0°047876 grm. of 
peroxide of iron. 


65:04 65:04 
Al,O., 14°63 14°63 
Fe,0, 4°47 4°47 
FeO | 2°82 
MnO traces traces 
MgO 1:20 1:20 
CaO 3°34 3°34 
Na,O 4°23 4°23 

99°44 


It will be understood that it is barely possible to submit this 
analysis to discussion. The abundance of vitreous particles in the 
ashes renders illusory the calculation of the values obtained, and 


* A recent determination of titanic acid has given 0°62 per cent. TiO,. 
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the distribution of the substances among the different species of 
constituent minerals, This vitreous matter can indeed contain an 
indeterminate quantity of the different bases. On the other hand, 
the difficulties of the calculation are all the greater, as the consti- 
tuent minerals of the ashes may contain, as isomorphs, the bases 
which the analysis suggests. It is none the less true, however, 
that the percentage composition expressed by the analysis supports 
the preceding mineralogical determinations, without permitting the 
species to be precisely determined. It agrees with the interpreta- — 
tion that the magma from which the ashes were formed belongs to 
the augite-andesites. 

The vitreous and mineral fragments we have just described from 
the Krakatoa eruption being identical with those which we encounter 
in deep sea sediments, we may conclude that both have a similar 
origin. In certain cases, however, we have in place of augite a 
predominance of hornblende, and sometimes black mica is abundant. 
Again, we find more or less fragmentary crvstals of peridote, of magne- 
tite, of sanidine, and, more rarely, of leucite and of hauyne. We can 
easily understand this variation in composition, following the nature 
of the magma from which the ashes collected in different regions of 
the sea were derived. But in all cases it is the predominance of 
vitreous particles, with their special structure, which indicates most 
clearly the volcanic nature of the inorganic constituents of a sediment. . 

If now we consider the conditions which govern the distribution 
of ashes in the atmosphere or at the bottom of the sea, we shall 
be able to show how it is that there is generally a predominance of 
vitreous.particles in these ashes. In the first place, these are vitreous 
matters rather than minerals, properly so called, from the moment 
of ejection from the crater. Moreover, we should, in a general way, 
not expect to find that incoherent eruptive matters, which are spread 
out at a distance from the volcano, present a perfectly identical 
composition with those other loose products such as lapilli, volcanic 
bombs, and scoriz, which are projected only a short distance from 
the focus of eruption. Even where there exists a perfect chemical 
and mineralogical identity, in the crater itself, between the lavas 
and the pulverulent materials of the same eruption (the supposition 
being that the ashes arise simply from the trituration of the lavas), 
we can easily understand that these latter, being carried far and wide 
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by the winds, must undergo a true sorting in their passage through 
the atmosphere, according to the specific gravity of the amorphous 
elements or crystalline constituents. It results from this, that 
according to the points where they are collected, volcanic ashes 
may, although belonging to the same eruption, present differences 
not only with respect to the size of the grains, but also with respect 
to the minerals, 

In this method of transport it is evident that the vitreous 
particles, other things being equal, will be transported farthest 
from the centre. In the first place they are more abundant 
than the other particles, and again they possess in their chemical 
nature and in their structure, conditions which permit the aerial 
currents to take them up and carry them to great distances ; they 
consist of a silicate in which the heavy bases are poorly re- 
presented as compared with the other constituent elements ; 
they are filled with gaseous bubbles which lower their specific 
gravity, and at the same time are capable of being broken up into © 
the minutest particles. The minerals with which they are asso- 
ciated at the moment of ejection from the crater are not, like them, 
filled with gaseous bubbles; they do not break up so easily into 
impalpable powder, for they are not porous, and are not in the same 
state of tension as the rapidly-cooled vitreous dust. Finally, many 
of these species are precisely those whose specific gravity is very 
high, on account of the bases entering into their composition. These 
minerals will not then be carried so far from the centre of eruption, 
and in all cases the vitreous particles are the essential ones in the . 
atmospheric dusts derived from volcanic ashes, | 

We have a beautiful illustration of this in the ashes of Krakatoa. — 
In proportion as the ashes are collected at a greater distance from a 
volcano, so are they less rich in minerals, and the quantity of vitreous 
matter predominates. According to a verbal communication from 
Professor Judd, the ashes collected at Japan contain only a relatively 
small proportion of pyroxene and magnetite. | 

If we wish to assure ourselves of the nature of an atmospheric 
dust, and, as has lately been frequently attempted in Europe, to 
show that the dust is really from the Krakatoa eruption, it is 
important above all to seek for the presence of vitreous fragments. 
The characters which we have indicated permit any one to recognise 


. 
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them easily under the microscope. We would remark, however, 
that the presence of crystals, either of hypersthene, of augite, or of 
particles of magnetite in an atmospheric dust collected in Europe, 
does not prove in a certain manner that the dust belongs to the 
ashes from Krakatoa; for besides the difficulties of an exact minera- 
logical determination of the fragmentary elements, it is difficult to 
understand how these heavy minerals should have been carried by 
the aerial currents, while the vitreous dust is absent. As we have 
just shown, it is the contrary which should have taken place. 

It results asa corollary from these considerations that the chemical 
composition of an ash may vary according to the point at which it 
has been collected, and it tends also, other things being equal, to 


become more acid the further it is removed from the centre of — 


eruption. If we admit, for example, that the magma which gave 
birth to the ashes of Krakatoa is an augite-andesite, as everything 
seems to indicate, the percentage of silica'(65 per cent.) which our 
analysis shows appears too high, but if we remember, what we have 
just said, that the ashes become deprived, during their passage 
through the atmosphere, of the heavier and more basic elements, 
it will be understood that the vitreous and felspathic matcrials, 
which have a lower specific gravity, and are, at the same time, 
more acid, will accumulate at points farthest from the volcano. It 
will be sufficient to have directed the attention to this fact to show 
how the percentage of silica in the ashes from the same eruption 
may vary according as they are collected at a variable distance from 
the crater. 

The predominance of vitreous splinters in deep sea sediments far 
removed from coasts is even more pronounced than in volcanic ashes 
collected on land. This arises, as we indicated at the commencc- 
ment, from the large quantity of pumice carried or projected into 
the ocean, whose trituration, which takes place so easily, gives 
origin to vitreous fragments difficult to distinguish from those 
projected from a volcano in the form of impalpable dust. In 
addition, we may state that in the distribution of volcanic matcrials 
on the bottom of the sea, the ashes are subjected to a mode of 
sorting having some analogy to that which takes place during 
transport through the atmosphere. When these ashes fall into 
the sea a separation takes place in the water; the heaviest particles 
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reach the bottom first, and then the lighter and smaller ones, 
descending more slowly, are deposited upon the larger and heavier 
fragments and crystals from the same eruption. We have a fine 
example of this stratification of submarine tufa in the centre of the — 
South Pacific, lat. 22° 21’ S., long. 150° 17’ W. This specimen is 
entirely covered with peroxide of manganese, and at the base of the 
fragment we see the large crystals of hornblende and particles of — 
magnetite. This lower layer is covered by a deposit in which these 
minerals and coarser grains are observed to pass gradually into a 
layer composed of small crystals of felspar, débris of pumice, and 
more or less fine material. , 

We do not propose to occupy ourselves here with the mode 
of formation of volcanic ashes, and with those of Krakatoa 
in particular. It will suffice to indicate that in the dust of a 
volcano we find all the characters supporting the interpreta- 
tion which regards volcanic ashes as formed by the pulverisa- 
tion of an igneous fluid mass in which float crystals already © 
formed, and from which, when projected by gases, the pulverised 
vitreous particles undergo a rapid cooling and decrepitation during 
their passage through the atmosphere. It is not only the micro- 
scopic examination of these volcanic matters that leads us to this 
conclusion, but the prodigious quantity of ashes formed during the 
eruption of this volcano, which do not agree with the interpretation 
that regards these ashes as the result of a pulverisation of a rock. 
already solidified in the crater. Indeed one cannot understand how, 
in two or three days, the immense quantity of ashes ejected from 
Krakatoa could be formed by this process, as, for instance, on the 


26th August 1883 and in the May eruption, which was the prelude 
to that catastrophe. 


Sreconp Part, 


The recent brilliant sunsets have been attributed to the 
presence in the atmosphere of minute particles of an extra- 
terrestrial origin, as well as to volcanic dust. This induces us 
to conclude this brief abstract of our observations by a descrip- 
tion of the cosmic particles which we have found, along with 
voleanic ashes and pumice, in those regions of the deep sea far 
from land, where the sediment accumulates with extreme slowness. 
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In another memoir* we have pointed out the distribution of 
these particles on the floor of the ocean, and indicated the conclu- 
sions which we believe are justified by their relative abundance in 
the red clay areas of the Central Pacific. 

_ It is known that the atmosphere holds in suspension an immense 
number of microscopic particles which are of organic and inorganic 
origin, and are either dust taken up by aerial currents from the ground 
or are extra-terrestrial bodies. A large number of scientific men, 
headed by Ehrenberg, Daubrée, Reichenbach, Nordenskiold, and 
Tissandier, have studied this interesting problem, and have brought 
forward many facts in support of the cosmic origin of some of the 
metallic particles found in atmospheric precipitations. It is certain 
that serious objections may be raised against the origin-of a large 
number of so-called cosmic dusts. | 

In a great many cases it can be shown that these dusts are com- 
posed of the same minerals as the terrestrial rocks which are to be 
met with at short distances from the spot where the dust has been 
collected, and we can attribute a cosmic origin only to the metallic 
iron in these dusts. It is somewhat astonishing, however, that 
no trace is ever found in these dusts of meteoric silicates, although 
in a great many meteorites it might be said that the iron is 
only accidentally present, while the silicates predominate. On 

the other hand, having regard to the mineralogical composition 
of meteorites, it appears strange that the so-called cosmic dusts 
should present characters so variable, from the point of view of 
their mineralogical composition, in the different regions where they 
have been collected. It might also be objected that even the iron, 
nickel, and cobalt could come from volcanic rocks in decomposition 
in which these bodies are sometimes present, and this objection 
would seem quite natural, especially in our particular case, when we 
remember the numerous volcanic fragments in decomposition on the 
bottom of the sea. Again, according to numerous researches, native 
iron is found, although rarely, in various rocks and sedimentary layers 
of the globe. A reduction of the oxide of iron into metal might also 
be admitted under the influence of organic substances. It might 
still further be objected in opposition to the cosmic origin of the fine 
particles of native iron that they might be carried by acrial currents 
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from our furnaces, locomotives, the ashes of our grates, and in the 
case of the ocean, from steamers. All our materials of combustion 
furnish considerable quantities of iron dust, and it would not be 
astonishing to find that this, after having been transported by the 
winds, should again fall on the surface of the earth at great dis- 
tances from its source. 

Such are the objections which present themselves when it is pro- 
posed to pronounce upon the origin of particles which we are 
inclined to regard as cosmic, and of which we propose here to give 
a short description. We shall see that many of these doubts are at 
once removed by a statement of the circumstances under which 
cosmic spherules are found in deep sea deposits, and it will be found 
also that all the objections are disposed of when we show the asso- — 
ciation of metallic spherules with the most characteristic bodies of 
undoubted meteorites. 

In the first place, the considerable distance from land at which 
we find cosmic particles in greatest abundance in deep sea deposits, 

eliminates at once objections which might be raised with respect to 
metallic particles found in the neighbourhood of inhabited countries. 
On the other hand, the form and character of the spherules of extra- 
terrestrial origin are essentially different from those collected near 
manufacturing centres. These magnetic spherules have never 
elongated necks or a cracked surface like those derived from 
furnaces with which we have carefully compared them. Neither 
are the magnetic spherules with a metallic centre comparable either 
in their form or structure to those particles of native iron which 
have been described in the eruptive rocks, especially in the basaltic 
rocks of the north of Ireland, of Iceland, &c. 

Having referred to the objections, let us now see on what we 
must rely, in support of the hypothesis that many of the magnetic 
particles from the bottom of the sea which are specially abundant 
in those regions where the rate of accumulation of the deposit is 
exceedingly slow, are of cosmic origin. If we plunge a magnet. 
into an oceanic deposit, specially a red clay from the central parts 
of the Pacific, we extract particles, sume of which are magnetite 
from volcanic rocks, and to which vitreous matters are often 
attached; others again are quite isolated, and differ in most of their 
properties from the former. The latter are generally round, 
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measuring hardly 0°2 mm., generally they are smaller, their surface 
is quite covered with a brilliant black coating having all the properties 
of magnetic oxide of iron, often there may be noticed upon them cup- 
like depressions clearly marked. If we break down these spherules 
in an agate mortar, the brilliant black coating easily falls away and 
reveals white or grey metallic malleable nuclei, which may be beaten 
out by the pestle into thin lamella. This metallic centre, when 
treated with an acidulated solution of sulphate of copper, immediately 
assumes a coppery coat, thus showing that it consists of native iron. 
But there are some malleable metallic nuclei extracted from the 
spherules which do not give this reaction; they do not take the 
copper coating. Chemical reaction shows that they contain cobalt 
and nickel; very probably they constitute an alloy of iron and these 


two metals, such as is often found in meteorites, and whose presence — 


Fic. 3.—Black Spherule with 


Fic. 2.—-Black Spherule with 
Metallic Nucleus The 


Metallic Nucleus This 


spherule covered with a coat- 
ing of black shining mag- 
netite represents the most 
frequent shape. The de- 
pression here shown is often 
found at the surface of these 
spherules. From 2375 fms, 


black external coating of 


magnetic oxide has been © 


broken away to show the 
metallic centre, represented 
by the clear part at the 
centre. From 3150 fms. 
Atlantic. 


South Pacific. 


in large quantities hinders the production of the coppery coating on 
the iron. G. Rose has shown that this coating of black oxide of 
iron is found on the periphery of meteorites of native iron, and its 
presence is readily understood when we admit their cosmic origin. 
Indeed, these meteoric particles of native iron in their transit 
through the air must undergo combustion, and, like small portions 
of iron from a smith’s anvil, be transformed either entirely or at the 
surface only into magnetic oxide, and in this latter case the nucleus 
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is protected from further oxidation by the coating which thus covers 
it. 

One may suppose that meteorites in their passage through the 
atmosphere break into numerous fragments, that incandescent — 
particles of iron are thrown off all round them, and that these 
eventually fall to the surface of the globe as almost impalpable dust, 
in the form of magnetic oxide of iron more or less completely 
fused, The luminous trains of falling stars are probably due to the 
combustion of these innumerable particles resembling the sparks. 
which fly from a ribbon of iron burnt in oxygen, or the particles of 
the same metal thrown off when striking a flint. It is easy to sh »w 
that these particles in burning take a spherical form, and are sur- 
rounded by a layer of black magnetic oxide. — 

Among the magnetic grains found in the same conditions as these 
we have just described are other spherules, which we refer to the 
chondres, so that if the interpretation of a cosmic origin for the 
magnetic spherules with a metallic centre were not established in a 
manner absolutely beyond question, it almost becomes so when we 
take into account their association with the silicate spherules, of 
which we have now to speak. It will be seen by the micro- 
scopic details that these spherules have quite the constitution 
and structure of chondres so frequent in meteorites of the most 
ordinary type, and on the other hand they have never been found, 
as far as we know, in rocks of a terrestrial origin; in short, the 
presence of these spherules in the deep sea deposits, and their 
association with the metallic spherules, is a matter of prime 
importance. Let us ses how we distinguish these silicate 
spherules, and the points upon which we rely in attributing 
to them a cosmic origin. 

Among the fragments attracted by the magnet in deep sea 
deposits we distinguish granules slightly larger than the spherules 
with the shining black coating above described. These are yellowish- 
brown, with a bronze-like lustre, and under the microscope, it is 
noticed that the surface, instead of being quite smooth, is 
grooved by thin lamelle. In size they never exceed a milli- 
metre, generally they are about 0:5 mm. in diameter; they are 
never perfect spheres, as in the case of the black spherules with a 
metallic centre ; and sometimes a. depression more or less marked 
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is to be observed in the periphery. When examined by the micro- 
scope we observe that the lamelle which compose them are applied 
the one against the other, and have a radial eccentric disposition. 
It is the leafy radial structure (radialblitirig), like that of the 
chondres of bronzite, which predominates in our preparations. We 
have observed much less rarely the serial structure of the chondres 
with olivine, and indeed there is some doubt about the indications — 
of this last type of structure. Fig. 4 shows the characters and 
texture of one of these spherules magnified 25 diameters. On 
account of their small dimensions, as well as of their friability due 
to their lamellar structure, it is difficult to polish one of these 
spherules, and we have been obliged to study them with reflected 
light, or to limit our observations to the study of the broken 
fragments. 

These spherules break up following the lamellz, which latter are 
seen to be extremely fine and perfectly transparent. In rotating 


Fic. 4.—Spherule of bronzite (22) from 3500 fathoms in the 
Central South Pacific, showing many of the peculiarities 
belonging to chondres of bronzite or enstatite. 


between crossed nicols they have the extinctions of the rhombic 
system, and in making use of the condenser it is seen that they 
have one optic axis. It is observed also that when several of these 
lamellze are attached, they extinguish exactly at the same time, so 
that. everything induces us to believe that they form a single 
individual. 

In studying these transparent and very thin fragments with the 
aid of a high magnifying power, it is observed that they are dotted 
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with brown-black inclusions, disposed with a certain symmetry, and 
showing somewhat regular contours; we refer these inclusions to 
magnetic iron, and their presence explains how these spherules of 
bronzite are extracted by the magnet. We would observe, however, 
that they are not so strongly magnetic as those with a metallic 
nucleus. | 

We designate them under the name of bronzite rather than of 
enstatite, because of the somewhat deep tint which they present ; 
they are insoluble in hydrochloric acid. Owing to the small 
quantity of substance at our disposal, we were obliged to limit 
ourselves to a qualitative analysis. We have found in them silica, 
magnesia, and iron. | | 

We have limited our remarks at this time to these succinct 
details, but we believe that we have said enough to show that these 
spherules in their essential characters are related to the chondres 
of meteorites, and have the same mode of formation. In con- 
clusion, we may state that when the coating of manganese depositions, 
which surround sharks’ teeth, ear-bones of cetaceans and other 
- nuclei, is broken off and pounded in a mortar to fine dust, and the 
magnetic particles then extracted by means of a magnet, we find 
these latter to be composed of silicate spherules, spherules with a 
metallic centre, and magnetic iron, in all respects similar to those 
found in the deposits in which the nodules were embedded. 


We have recently examined the dust collected by melting the 
snow at the Observatory on Ben Nevis, in order to see whether, 
in that elevated and isolated region, we should be able to find 
volcanic ashes or cosmic spherules analogous to those we have 
described. This atmospheric dust, which we have examined micro- 
scopically, has not shown any particles which could with certainty 
be regarded as identical with those substances which are the subject 
of this paper. Particles of coal, fragments of ashes, and grains of 
quartz predominated. Besides these, there were fragments of 
calcite, augite, mica, and grains of rock of all forms and of variable 
dimensions. These were associated with fibres of cotton, of | 
vegetables, splinters of limonite and of tin—in short, everything 
indicating a terrestrial origin. © 

In order to give an idea of the facility with which the winds 
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-may carry these matters even to the summit of the mountain, we 
may add that Mr Omond has sent to us fragments of crystalline 
rocks, some having a diameter of two centimetres, which, he states, 
were collected on the surface of the snow at the summit after 
the storm of 26th January 1884. 

Arrangements are being made to collect the dust at the top of 
Ben Nevis during calms with great care. 


3. On the Nomenclature, Origin, and Distribution of Deep- 
Sea Deposits. By John Murray and A. Renard. Com- 
municated by John Murray. 


Introduction.—The sea is unquestionably the most powerful | 


dynamic agent on the surface of the globe, and its effects are 
deeply imprinted on the external crust of our planet ; but among the 
sedimentary deposits which are attributed to its action, and among 


the effects which it has wrought on the surface features of the 


earth, the attention of geologists has, till within quite recent times, 
been principally directed to the phenomena which take place in the 


immediate vicinity of the land. It is incontestable that the action 


of the sea along coasts and in shallow water has played the largest 
part in the formation and accumulation of those marine sediments 
which, so far as we can observe, form the principal strata of the 
solid crust of the globe ; and it has been from an attentive study 


of the phenomena which take place along the shores of modern 


seas that we have been able to reconstruct in some degree the 
conditions under which the marine deposits of ancient times were 
laid down, | 

Attention has been paid only in a very limited degree to deposits 
of the same order and, for the greater part, of the same origin, 
which differ from the sands and gravels of the shores and shallow 
waters only by a lesser size of the grains, and by the fact that 
they are laid down at a greater distance from the land and in 
deeper water. And still less attention has been paid to those 
true deep-sea deposits which are only known through systematic 
submarine investigations. One might well ask what deposits 
are now taking place, or have in past ages taken place, at the 


| 


| 
4 


496 Proceedings of the Royal Society 


bottom of the great oceans at points far removed from land, and 
in regions where the erosive and transporting action of water has 
little or no influence. Without denying that the action of the 
tidal waves can, under certain special conditions, exert an erosive 
and transporting power at great depths in the ocean, especially on 
submerged peaks and barriers, it is none the less certain that these are 
exceptional cases, and that the action of waves is almost exclusively 
confined to the coasts of emerged land. There are in-the Pacific 
immense stretches of thousands of miles where we do not encounter 
any land, and in the Atlantic we have similiteconditions. What 
takes place in these vast regions where ‘the waves exercise no 
mechanic action on any solid object? We are about to answer this 
question by reference to the facts which an examination of deep- 
sea sediments has furnished. 

A study of the sediments recently collected in the deep sea 
shows that their nature and mode of formation, as well as their 
geographical and bathymetrical distribution, permit deductions to 
be made which have a great and increasing importance from a 
geological point of view. In making known the composition of 
these deposits and their distribution, the first outlines of a geological 
map of the bottom of the ocean will be sketched. 

This is not the place to give a detailed history of the various 
contributions to our knowledge of the terrigenous deposits in deep 
water near land, or of those true deep-sea deposits far removed from 
land, which may be said to form the special subject of this com- 
munication. From the time of the first expeditions, undertaken 
with a view of ascertaining the depth of the ocean, small quantities 
of mud have been collected by the sounding lead and briefly 
described. We may recall in this connection the experiments of 
Ross and the observations of Hooker arid Maury. These investiga- 
tions, made with more or less imperfect appliances, immediately 
fixed the attention, without, however, giving sufficient information 
on which to establish any general conclusions as to the nature of 
the deposits or their distribution in the depths of the sea. 

When systematic soundings were undertaken with a view of 
establishing telegraphic communication between Europe and America, 
the attention of many distinguished men was directed to the im- 
portance, in a biological and geological sense, of the specimens of 
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mud brought up from great depths. The observations of Wallich, 
Huxley, Agassiz, Baily, Pourtalés, Carpenter, Thomson, and many 
others, while not neglecting mineralogical and chemical composition, 
deal with this only in a subordinate manner. The small quantities 
of each specimen at their command, and the limited areas from 
which they were collected, did not permit the establishment of 
any general laws as to their composition or geographical and 
bathymetrical distribution. These early researches, however, 
directed attention to the geological importance of deep-sea de- 
posits, and prepared the way for the expeditions organised with 
the special object of a scientific exploration of the great ocean 
basins, | 

The expedition of the “Challenger” takes the first rank in 
these investigations. During that expedition a large amount of 
material was collected and brought to England for fuller study 
under the charge of Mr Murray, who has in several preliminary 
papers pointed out the composition and varieties of deposits which 
are now forming over the floor of the great oceans. In order to 
arrive at results as general as possible, it was resolved to in- 
vestigate the subject from the biological, mineralogical, and 
chemical points of view, and M. Renard was associated with Mr — 
Murray in the work. In addition to the valuable collections and 
observations made by the “Challenger,” we have had for examina- 
tion material collected by other British ships, such as the “Porcupine,” 
‘¢ Bulldog,” ‘ Valorous,” ‘ Nassau,” ‘ Swallow,” ‘“ Dove;” and, 
through Professor Mohn, by the Norwegian North Atlantic Ex- 
pedition. Again, through the liberality of the United States 
Coast Survey and Mr A. Agassiz, the material amassed in 
the splendid series of soundings taken by the American ships 
“Tuscarora,” ‘ Blake,” and ‘ Gettysburg,” were placed in our 
hands. The results at which we have arrived may therefore be said 
to have been derived from a study of all the important available 
material. 

The work connected with the examination and description of 
these large collections is not yet completed, but it is sufficiently 
advanced to permit some general conclusions to be drawn, which 
appear to be of considerable importance. In addition to descrip- 
tions and results, we shall briefly state the methods we have 
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adopted in the study. All the details of our research will be 
given in the Report on the Deep-Sea Deposits in the ‘‘ Challenger ” 
series, which will be accompanied by charts indicating the distri- 
bution, plates showing the principal types of deposits as seen by 
the microscope, and numerous analyses giving the chemical com- 
position and its relation to the mineralogical composition. The 
description of each sediment will be accompanied by an enumera- 
tion of the organisms dredged with the sample, so as to furnish all 
the biological and mineralogical information which we possess ‘on 

deep-sea deposits, and finally, we shall endeavour to establish 
~ general conclusions which can only be indicated at present. 2 

Before entering on the subject, we believe it right to point out 
the difficulties which necessarily accompany such a research as the 
one now under consideration, difficulties which arise often in part 
from the small quantity of the substance at our disposal, but also 
from the very nature of the deposit. Since we have endeavoured 
to determine, with great exactitude, the composition of the 
deposit at any given point, we have, whenever possible, taken the 
sample collected in the sounding tube. That procured by the trawl 
or dredge, although usually much larger, is not considered so satis- 
factory on account of the washing and sorting to which the deposit 
has been subjected while being hauled through a great depth 
of water. We have, however, always examined carefully the 
contents of these instruments, although we do not think the 
material gives such a just idea of the deposit as the sample collected 
by the sounding tube. The material collected by the last named 
instrument has been taken as the basis of our investigations, although 
the small quantity often gives to it an inherent difficulty. It was 
the small quantity of substance collected by the sounding tube in 
early expeditions which prevented the first observers from arriv- 
ing at any definite results; but when such small samples are sup- 
plemented by occasional large hauls from the dredge or trawl, they 
become much more valuable and indicative of the nature of the 
deposit as a whole. Not only the scantiness of the material, but the 
small size of the grains, which in most instances make up deep-sea 
deposits, render the determinations difficult. In spite of the im- 
provements recently effected in the microscopical examination of 
minerals, it is impossible to apply all the optical resources of the 
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instrument to the determination of the species of extremely fine, 
loose, and fractured particles. Again, the examination of these 
deposits is rendered difficult by the presence of a large quantity 
of amorphous mineral matter, and of shells, skeletons, and minute 
particles of organic origin. It is also to be observed that | 
we have not to deal with pure and unaltered mineral fragments, 
but with particles upon which the chemical action of the sea has 
wrought great changes, and more or less destroyed their distinctive 
characters, | 

What still further complicates these researches is the endeavour 
to discover the origin of the heterogeneous materials which make 
up the deposits. These have been subjected to the influence of a 
great number of agents of some of which our knowledge is to a great 
extent still in its infancy. We must take into account a large 
number of agents and processes, such as ocean currents; the dis- 
tribution of temperature in the water at the surface and at the 
bottom; the distribution of organisms as dependent on temperature 
and specific gravity of the water; the influence of aerial currents; 
the carrying power of rivers; the limit of transport by waves; the 
eruptions of aerial and submarine volcanoes; the effect. of glaciers 

in transporting mineral particles, and, when melting, influencing the 
specific gravity of the water, which in turn affects the animal and 
plant life of the surface. It is necessary to study the chemical | 
reactions which take place in great depths; in short, to call to our 
aid all the assistance which the physical and biological sciences 
can furnish. It will thus be understood that the task, like all first 
attempts in a new field, is one of exceptional difficulty, and de- 
mands continued effort to carry it to a successful issue. | 

In presenting a short reswmé of our methods, of the nomen- 
clature we have adopted, and of the investigation into the origin of 
the deposits in the deep sea and deeper parts of the littoral zones, 
we offer it as a sketch of our research, prepared to modify the 
arrangements in any way which an intelligent criticism may 
suggest. 

_ Before proceeding to a description of methods and of the varieties 
of deposits, with their distribution in modern oceans, we will 
briefly enumerate the materials which our examination has shown 


take part: in the formation of these deposits, state the origin of these 
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materials, and the agents concerned in their deposition, distribution, 
and modification, 


Materials,—The materials which unite to form the deposits 
which we have to describe may be divided into two groups, viewed. 
in relation to their origin, viz., mineral and organic, 

The mineral particles carried into the ocean have a different form 
and size, according to the agents which have been concerned in their 
transport. Generally speaking, their size diminishes with distance 
from the coast, but here we limit our remarks to the mineralogical 
_ character of the particles, We find isolated fragments of rocks and 
minerals coming from the crystalline and schisto-crystalline series, 
and from the clastic and sedimentary formations ; according to the 
nature of the nearest coasts they belong to granite, diorite, diabase, 
porphyry, &c, ; crystalline schists, ancient limestones, and the sedi- 
mentary rocks of all geological ages, with the minerals which come 
from their disintegration, such as quartz, monoclinie and triclinic 
felepars, hornblende, augite, rhombic pyroxene, olivine, muscovite, 
biotite, titanic and magnetic iron, tourmaline, garnet, epidote, and 
other secondary minerals, The trituration and decomposition of 
these rocks and minerals give rise to materials more or less amorphous 
and without distinctive characters, but the origin of which is indi- 
cated by association with the rocks and minerals just mentioned. 

Although the débris of continental land to which we have just 
referred plays the most important réle in the immediate vicinity 
of shores, yet our researches show beyond doubt that when we 
pass out towards the central parts of the great ocean basins, the 
débris of continental rocks gradually disappears from the deposits, 
and its place is taken by materials derived from modern volcanic rocks, 
such as basalts, trachytes, augite-andesites, and vitreous varieties of 
these lithological families, for instance, pumice and loose incoherent 
volcanic particles of recent eruptions, with their characteristic 
minerals, All these mineral substances being usually extremely 
fine or areolar in structure, are easily attacked by the sea water at 
the place where they are deposited, This chemical action brings 
about an alteration of the minerals and vitreous fragments, which 
soon passes into complete decomposition, and in special circum- 
stances gives rise to the formation of secondary products. In some 
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places the bottom of the sea is covered with deposits due to 
this chemical action, principal among which is clayey matter, 
associated with which there are often concretions composed of 
manganese and iron. In other regions the reactions which result in 
the formation of argillaceous matter from volcanic products give 
rise also to the formation of zeolites, | 

Among other products arising from chemical action, probably 
combined with the activity of organic matter, may be mentioned 
the formation of glauconite and phosphatic nodules, with, in 
some rare and doubtful examples, the deposition of silica. The 
decomposition of the tissues, shells, and skeletons of organisms add 
small quantities of iron, fluorine, and phosphoric acid to the in- 
organic constituents of the deep-sea deposits. 

Finally, we must mention extra-terrestrial substances in the form 
of cosmic dust. | : | 

We now pass to the consideration of the réle played by organisms 
in the formation of marine deposits. Organisms living at the sur- 
face of the ocean, along the coasts, and at the bottom of the sea, are 
continually extracting the lime, magnesia, and silica held in solution 
in sea water. The shells and skeletons of these, after the death of 
the animals and plants, accumulate at the bottom and give rise to 
calcareous and siliceous deposits. The calcareous deposits are 
made up of the remains of coccospheres, rhabdospheres, pelagic 
and deep-sea Foraminifera, pelagic and deep-sea Molluses, Corals, 
Alcyonarians, Polyzoa, Echinoderms, Annelids, Fish, and other 
organisms. The siliceous deposits are formed principally of frustules 
of Diatoms, skeletons of Radiolarians, and spicules of Sponges. 

While the minute pelagic and deep-sea organisms above men- 
tioned play by far the most important part in the formation of 


deep-sea deposits, the influence of vertebrates is recognisable 


only in a very slight degree in some special regions by the presence 
of large numbers of sharks’ teeth, and the ear bones and a few other 
bones of whales. The otoliths of fish are usually present in the 
deposits, but, with the exception of two vertebree and a scapula, no 
other bones of fish have been detected in the large amount of 
material we have examined. 


Agents.— Having passed in review the various materials which 
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go to the formation of deposits in the deep water immediately 
surrounding the land and in the truly oceanic areas, attention 
must now be directed to the agents which are concerned in the 
transport and distribution of these, and to the sphere of their action. 
The relations existing between the organic and inorganic elements 
of deposits to which we have just referred, and the laws which 
determine their distribution, will be pointed out at the same time. 
The fluids which envelope the solid crust of the globe are in- 
cessantly at work disintegrating the materials of the land, which, 
becoming loose and transportable, are carried away sometimes by 
the atmosphere, sometimes by water, to lower regions, and are eventu- 
ally borne to the occan in the form of solid particles or as matter in — 
solution. The atmosphere when agitated, after having broken up 
the solid rock, transports the particles from the continents, and 
in some regions carries them far out to sea, where they form an 
appreciable portion of the deposit; as, for instance, off the west 
coast of North Africa and the south-west coast of Australia. Again, 
in times of volcanic eruptions, the dust and scoria which are shot 
into the air, are carried immense distances by winds and atmo- 
spheric currents, and no small portion eventually falls into the sea. 
Water is, however, the most powerful agent concerned in the — 
formation and distribution of marine sediments. Running water 
corrodes the surface of the land, and carries the triturated fragments 
down into the ocean. The waters of the ocean, in the form of waves 
and tides, attack the coasts and distribute the débris at a lower 
level. Independently of the action of waves, there exist along 
most coasts currents, more or less constant, which have an effect in 
removing sand, gravel, and pebbles further from their origin. 
Generally, terrestrial matters appear to be distributed by these means 
to a distance of one or two hundred miles from the coast. Waves 
and currents probably have no erosive or transporting power at 
depths greater than 200 or 300 fathoms, and even at such depths 
it is necessary that there should be some peculiar configura- 
tion of the bottom in order that the agitated water may produce 
any mechanical effect. However, it is not improbable that, by a 
peculiar configuration of the bottom and ridges among oceanic 
islands, the deposit on a ridge may be disturbed by the tidal 
wave even at 1000 fathoms; and this may be the cause of the hard 
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ground sometime met with in such positions. By observations off 
the coast of France, it has been shown that fine mud is at times 
disturbed at a depth of 150 fathoms; but, while admitting that 
this is the case on exposed coasts, the majority of observations 
indicate that beyond 100 fathoms it is an oscillation of the water, 
_ rather than a movement capable of exerting any geological action, 
which concerns us in this connection. 

_ Although the great oceanic currents have no direct influence upon 
the bottom, yet they have a very important indirect effect on 
deposits, because the organisms which live in the warm equatorial 
currents form a very large part of the sediment being deposited 
there, and this in consequence differs greatly from the deposits 
forming in regions where the surface-water is colder. In the 
same way a high or low specific gravity of the surface-water 
has an important bearing on the animal and vegetable life of the 
ocean, and this in its turn affects the character of the deposits. 

The thermometric observations of the ‘‘ Challenger” show that a 
slow movement of cold water must take place in all the greater depths 
of the ocean from the poles, but particularly from the southern pole, 
towards the equator. It could be shown from many lines of argu- 
ment that this extremely slow massive movement of the water can 
have no direct influence on the distribution of marine sediments. 

Glaciers which eventually become icebergs, that are carried far 
out to sea by currents, transport detrital matter from the land to 
the ocean, and thus modify in the Arctic and Antarctic regions the 
deposits taking place in the regions affected by them. The detritus 
from icebergs in the Atlantic can be traced as far south as 
latitude 36° off the American coast, and in the southern hemisphere 
as far north as latitude 40°. | | 

The fact that sea water retains fine matter in suspension for a much 
shorter time than fresh water should be referred to here as having 
an important influence in limiting the distribution of fine argillaceous 
and other materials borne down to the sea by rivers, thus giving a 
distinctive character to deposits forming near land. 7 

We have pointed out the influence of temperature and salinity 
upon the distribution of the surface organisms whose skeletons form — 
a large part of some oceanic deposits, and may state also that the 
bathymetrical distribution of calcareous organisms is influenced by 
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the chemical action of sea water. We will return to these influences 
presently when describing the distribution of the various kinds of 
deposits and their reciprocal relations, especially in those regions of 
the deep sea far removed from the mechanical action of rivers, 
waves, and superficial currents. The action of life as a geological 
agent has been indicated under the heading Materials. 


Methods.—We give here an example showing the ts followed 
in describing the deposits examined. | 


Station 338; lat. 21° 15’ S, long. 14° 2’ Ws 21st March 1876 ; 
surface temperature 76°'5, bottom temperature 36°°5 , depth 1990 fathoms. 

GLOBIGERINA O0ZE, white with slight rosy tinge when wet ; granular, 
homogeneous, and very slightly coherent when dry ; resembles chalk. 

i. Carbonate of Calcium, 90°38 per cent., consists of pelagic Foraminifera 
(80 per cent.) ; coccoliths and rhabdoliths (9 per cent.) ; Miliolas, Dis- 
corbinas, and other Foraminifera, Ostracode valves, fragments of Echini 
spines, and one or two small fragments of Pteropods (1°38 per cent.). 

‘ii. Residue, 9°62 per cent., reddish-brown ; consists of | 


1, Minerals [1°62] m. di. 0°45 mm., fragments of felspar, hornblende, 
magnetite, magnetic spherules, a few small grains of manganese, and pumice. 


2. Siltceous Organisms [1-00], Radiolarians, spicules of — and 
imperfect casts of Foraminifera. 


3. Fine Washings [7°00], Argillaceous matter with onal mineral 
particles and fragments of pumice and siliceous organisms. 

The description of the deposits has been made upon this plan 

which was adopted after many trials and much consideration. 

This is not the place to give the reasons which have guided us 
in adopting this mode of description, or to give in detail the methods 
that we have systematically employed for all the sediments which 

we are engaged in describing. These will be fully given in the intro- 
duction to our “Challenger” Report. We limit ourselves here to 

explaining the meanings and arrangement of terms and abbreviations, 
so that the method may be understood and made available for others. 

_ The description commences by indicating the kind of deposit (red 
clay, blue mud, globigerina ooze, &c.), with the microscopic charac- 
ters of the deposit, when wet or dry. 

We have always endeavoured to give a complete chemical analysis 
of the deposit, but when it was impossible to do this we have 
always determined the amount of Carbonate of Calcium. This 
determination was generally made by estimating the carbonic acid. 


von 
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We usually took a gramme of a mean sample of the substance for 
this purpose, using weak and cold hydrochloric acid. However, as 
the deposits often contain carbonates of magnesia and iron as well, 
the results calculated by associating the carbonic acid with the 
lime are not perfectly exact, but these carbonates of magnesia and 
iron are almost always in very small proportion, and the process is, 
we think, sufficiently accurate, for, owing to the sorting of the 
elements which goes on during collection and carriage, no two 
samples from the same station give exactly the same percentage. 
The number which follows the words “ Carbonate of Calcium” indi- 
cates the percentage of CaCO,; we then give the general designa- 
tions of the principal calcareous organisms in the deposit. 

The part insoluble in the hydrochloric acid, after the deter- 
mination of the carbonic acid, is designated in our descriptions 
“ Residue.” The number placed after this word indicates its per- 
- centage in the deposit; then follow the colour and _ principal 
physical properties. This residue is washed and submitted to | 
decantations, which separate the several constituents according to 
their density ; these form three groups—(1) Minerale, (2) Stliceous 
Organisms, (3) Fine Washings. 

1. Minerals.—The number within brackets indicates the percent- 
age of particular minerals and fragments of rocks. This number is 
the result of an approximate evaluation, of which we will give the 
basis in our report. As it is important to determine the dimensions 
of the grains of minerals which constitute the deposit, we give, 
after the contraction m. di., their mean diameter in millimetres. 
We give next. the form of the grains, if they are rounded or angular, 
&c.; then the enumeration of the species of minerals and rocks. 
In this enumeration we have placed the mimerals in the order of 
the importance of the réle which they play in the deposit. The 
specific determinations have been made with the mineralogical 
microscope in parallel or convergent polarised light. 

2. Stliceous Organisms.—The number between brackets indicates 
the percentage of siliceous organic remains; we obtain it in the 
same manner as that placed after the word Minerals. The siliceous 
organisms and their fragments are examined with the microscope 
and determined. We have also placed under this heading the 
glauconitic casts of the Foraminifera and other calcareous organisms. 
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3. Fine Washings.—We designate by this name the particles 
which, resting in suspension, pass with the first decantation. They 
are about 0°05 mm. or less in diameter. We have been unable to 
arrange this microscopic matter under the category of Minerals, 
for, owing to its minute and fragmentary nature, it is impossible to 
determine the species. We have always found that the Fine 
Washings increase in quantity as the deposit passes to a clay, and it 
is from this point of view that the subdivision has its raison d'étre. 
We often designate the lightest particles by the name argillaceous 
matter, but usually there are associated with this very small 
particles of indeterminable minerals and fragments of siliceous 
organisms. The number within brackets which follows the words 
Fine Washings is obtained in the same manner as those placed after 
Minerals and Siliceous Organisms. 

These few words will suffice to render the descriptions intelligible. 
Greuter details will be given, as already stated, in the “ Challenger” 
Report. It may be added that in the majority of cases we have 
solidified the sediments and formed them into thin slides for micro- 
scopic examination, and that at all times the examination by 
transmitted light has been carried on at the same time as the exam1- 
nation by reflected light. Each description is followed by notes 
upon the dredging or sounding, upon the animals collected, and a 
discussion of the analysis whenever a complete analysis has been 
made, which is always the case with typical samples of the deposits. 


Kinds of Deposits—We now proceed to the description of the 
various types of deposits into which it is proposed to divide the 
marine formations that are now taking place in the deeper water 
of the various oceans and seas. We will speak first of those which 
are met with in the deeper water of inland seas, and around the 
coasts of continents and islands, and afterwards of those which are 
found in the abysmal regions of the great oceans. Those coast 
formations which are being laid down on the shores, or in very 
shallow water, and which have been somewhat carefully described 
previous to the recent deep-sea explorations, are here neglected. 

A study of the collections made by the “ ae ” and other 
expeditions show— 


(1) That in the deeper water around continents and islands 
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which are neither of volcanic nor coral origin, the sediments are 
essentially composed of a mixture of sandy and amorphous matter, 
with a few remains of surface organisms, to which we give the name 
of muds, and which may be distinguished macroscopically by their 
colour. We distinguish them by the names, blue, red, and 
green muds. | 

(2) Around volcanic islands the deposits are chiefly composed of 
mineral fragments derived from the decomposition of volcanic rocks. 
These, according to the size of the grains, are called volcanic muds 
or sands. | 

(3) Near coral islands and along shores fringed by coral reefs, 
the deposits are calcareous, derived chiefly from the disintegration 
of the neighbouring reefs, but they receive large additions from 
shells and skeletons of pelagic organisms, as well as from animals 
living at the bottom. These are named, according to circumstances, 
coral or coralline muds and sands, | 

Let us now see what are the chief characteristics of each of these 
deposits. | 

Blue mud is the most extensive deposit now forming around the 
great continents and continental islands, and in all enclosed or 
partially enclosed scas. It is characterised by a slaty colour which 
pases in most cases into a thin layer of a reddish colour at the — 
upper surface. These deposits are coloured blue by organic matter 
in a state of decomposition, and frequently give off an odour of 
sulphuretted hydrogen. When dried, a blue mud is greyish in 
- colour, and rarely or never has the plasticity and compactness of a 
true clay. It is finely granular, and occasionally contains fragments 
of rocks 2 centimetres in diameter; gencrally, however, the minerals, 
which are derived from the continents, and are found mixed up with 
the muddy matter in these deposits, have a diameter of 0°5 mm. 
and less. Quartz particles, often rounded, play the principal part, 
next come mica, felspar, augite, hornblende, and all the mineral 
species which come from the disintegration of the neighbouring 
lands, or the lands traversed by rivers which enter the sea near 
the place where the specimens have been collected. These 
- minerals make up the principal and characteristic portion of blue 
muds, sometimes forming 80 per cent. of the whole deposit. 
Glauconite, though generally present, is never abundant in blue 
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muds. The remains of calcareous organisms are at times quite 
absent, but occasionally they form over 50 per cent. The latter is 
the case when the specimen is taken at a considerable distance from 
the coast and at a moderate depth. These calcareous fragments 
consist of bottom-living and pelagic Foraminifera, Molluscs, Polyzoa, 
Serpule, Echinoderms, Alcyonarian-spicules, Corals, &c. The re- 
mains of Diatoms and Radiolarians are usually present. Generally 
speaking, as we approach the shore the pelagic organisms disappear ; 
and on the contrary, as we proceed seawards, the size of the mineral 
grains diminishes, and the remains of shore and coast organisms give 
place to pelagic ones, till imally a blue mud passes into a true deep- 
sea deposit. In those regions of the ocean affected with floating ice 
the colour of these deposits becomes gray rather than blue at great 
distances from land, and is further modified by the presence of a 
greater or less abundance of glaciated blocks and fragments of 
quartz. | 
Green Muds and Sands.—As regards their origin, composition, 
and distribution near the shores of continental land, these muds 
and sands resemble the blue muds. They are largely com- 
posed of argillaceous matter and mineral particles of the same 
size and nature as in the blue muds. Their chief character- 
istic is the presence of a cunsiderable quantity of glauconitic 
grains, either isolated or united into concretions. In the latter case 
the grains are cemented together by a brown argillaceous matter, 
and include, besides quartz, felspars, phosphate of lime, and other 
minerals, more or less altered. The Foraminifera and fragments of 
Echinoderms and other organisms in these muds are frequently 
filled with glauconitic substance, and beautiful casts of these 
organisms remain after treatment with weak acid. At times there 
are few calcareous organisms in these’ deposits, and at other times 
_ the remains of Diatoms and Radiolarians are abundant. When these 
muds are dried they become earthy and of a grey-green colour. 
They frequently give out a sulphuretted hydrogen odour. The 
green colour appears sometimes to be due to the presence of organic 
matter, probably of vegetable origin, and to the reduction of peroxide 
of iron to protoxide under its influence. The green sands differ from 
the muds only in the comparative absence of the argillaceous and 
other amorphous matter, and by the more important part played by 
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the grains of glauconite, which chiefly give the green colour to these 
sands, 

Red Muds.—In some localities, as for instance off the Brazilian 
coast of America, the deposits differ from blue muds by the large 
quantity of ochreous matter brought down by the rivers and 
deposited along the coast. The ferruginous particles when mixed 
up with the argillaceous matter give the whole deposit a reddish 
colour. These deposits, rich in iron in the state of limonite, do © 
not appear to contain any traces of glauconite, and have relatively 
few remains of siliceous organisms. 

Volcanic Muds and Sands.—The muds and sands around vol- 
canic islands are black or grey; when dried they are rarely coherent. 
The mineral particles are generally fragmentary, and consist of 
lapilli of the basic and acid series of modern volcanic rocks, which 
are scoriaceous or compact, vitreous or crystalline, and usually pre-- 
sent traces of alteration. The minerals are sometimes isolated, 
sometimes surrounded by their matrix, and consist principally of 
plagioclases, sanidine, amphibole, pyroxene, biotite, olivine, and 
magnetic iron; the size of the particles diminishes with distance 
from the shore, but the mean diameter is generally 0°5 mm. Glau- 
conite does not appear to be present in these deposits, and quartz 
is also very rare or absent. The fragments of shells and rocks are 
frequently covered with a coating of peroxide of manganese. Shells 
of calcareous organisms are often present in great abundance, and 
render the deposit of a lighter colour. The remains of Diatoms and 

Radiolarians are usually present. | 
Coral Muds.—These muds frequently contain as much as 95 per 
cent. of carbonate of lime, which consists of fragments of Corals, cal- 
careous Alge, Foraminifera, Serpulz, Molluscs, and remains of other 
lime-secreting organisms. There is a large amount of amorphous 
calcareous matter, which gives the deposit a sticky and chalky char- 
acter. The particles may be of all sizes according to the distance 
from the reefs, the mean diameter being 1 to 2 mm., but occasionally — 
there are large blocks of coral and large calcareous concretions ; the 
particles are white and red. Remains of siliceous organisms seldom 
make up over 2 or 3 per cent. of a typical coral mud. The residue 
consists usually of a small amount of argillaceous matter, with a 
few fragments of felspar and other volcanic minerals; but off 
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barrier and fringing reefs facing continents we may have a great 
variety of rocks and minerals. Beyond a depth of 1000 fathoms 
off coral islands the débris of the reefs begins to diminish, and the 
remains of pelagic organisms to increase ; the deposit becomes more 
argillaceous, of a reddish or rose colour, and gradually passes into a 
Globigerina ooze or a red clay. Coral Sands contain much less 
amorphous matter than coral muds, but in other respects they are 
similar, the sands being usually found nearer the reefs and in 
shallower water than the muds, except inside lagoons. In some 
regions the remains of calcareous alge predominate, and in these 


cases the name coralline mud or sand is employed to point out the 
distinction. 


Such is a rapid view of the deposits found in the deeper waters 
of the littoral zones, where the débris from the neighbouring 
land plays the most important part in the formation of muds and 
sands. When, however, we pass beyond a distance of about 
200 miles from land, we find that the deposits are characterised by 
the great abundance of fragmentary volcanic materials which have 
usually undergone great alteration, and by the enormous abundance 
of the shells and skeletons of minute pelagic organisms which have 
fallen to the bottom from the surface waters. These true deep-sea 
deposits may be divided into those in which the organic elements 
predominate, and those in which the mineral constituents play the 
chief part. We commence with the former. 

—Glolngerina Ooze.—We designate by this name all those truly 
pelagic deposits containing over 40 per cent. of carbonate of lime, 
which consists principally of the dead shells of pelagic Foraminifera— 
Gloligerina, Orbulina, Pulvinulina, Pullenia, Spheroidina, &c. 
In some localities this deposit contains 95 per cent. of carbonate 
of lime. The colour is milky white, yellow, brown, or rose, the 
varieties of colour depending principally on the relative abundance 
in the deposit of the oxides of iron and manganese. This ooze is 
fine grained ; in the tropics some of the Foraminifera shells are 
macroscopic. When dried it is pulverulent. Analyses show that 
the sediment contains, in addition to carbonate of lime, phosphate 
and sulphate of lime, carbonate of magnesia, oxides of iron and man- 
ganese, and argillaccous matters. The residue is of a reddish-brown 
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tinge. Lapilli, pumice, and glassy fragments, often altered into 
palagonite, seem always to be present, and are frequently very 
abundant. The mineral particles are generally angular, and rarely 
exceed 0°08 mm. in diameter; monoclinic and triclinic felspars, 
augite, olivine, hornblende, and magnetite are the most frequent. 
When quartz is present, it is in the form of minute, rounded, 
probably wind-borne grains, often partially covered with oxide of 
iron. More rarely we have white and black mica, bronzite, actino-- 
lite, chromite, glauconite, and cosmic dust. Siliceous organisms are 
probably never absent, sometimes forming 20 per cent. of the deposit, 
at other times they are only recognisable after careful microscopic 
examination. In some regions the frustules of Diatoms predomi- 
nate, in others the skeletons of Radiolarians. 

The fine washings, viewed with the microscope, are not homo- 
geneous, The greater part consists of argillaceous matter coloured by 
the oxides of iron and manganese. Mixed with this, we distinguish 
fragments of minerals with a diameter less than 0°05 mm., and 
minute particles of pumice can nearly always be detected. Frag- 
ments of Radiolarians, Diatoms, and siliceous spicules can always 
be recognised, and are sometimes very abundant. 

Pteropod Ooze.—This deposit differs inno way from a Globigerina 
ooze except in the presence of a greater number and variety of 
pelagic organisms, and especially in the presence of Pteropod and 
Heteropod shells, such as Diacria, Atlanta, Styliola, Carinaria, &c., 
&c. The shells of the more delicate species of pelagic Foraminifera 
and young shells are also more abundant in these deposits than in a 
Globigerina ooze. It must be remembered that the name “ Pteropod 
ooze” is not intended to indicate that the deposit is chiefly composed 
of the shells of these molluscs, but, as their presence in a deposit is 
characteristic and has an important bearing on geographical and 
bathymetrical distribution, we think it desirable to emphasise the 
presence of these shells in any great abundance. It may here be 
pointed out that there is a very considerable difference between a 
Globigerina ooze, or a Pteropod ooze situated near continental shores, 
and deposits bearing the same names situated towards the centres 
of oceanic areas, both with respect to mineral particles and remains 
of organisms. 


Diatom Ooze.—This 002¢ is of a pale straw colour, and is composed 
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principally of the frustules of Diatoms. When dry it is a dirty 
white siliceous flour, soft to the touch, taking the impression of the 
fingers, and contains gritty particles which can be recognised by the 
touch, It contains on an average about 25 per cent. of carbonate 
— of lime, which exists in the deposit in the form of small Globigerina 
shells, fragments of Echinoderms and other organisms. The residue 
is pale white and slightly plastic ; minerals and fragments of rocks 
are in some cases abundant ; these are volcanic, or, more frequently, 
fragments and minerals coming from continental rocks and trans- 
ported by glaciers. The fine washings consist essentially of particles 
of Diatoms along with argillaceous and other amorphous matter. 
We estimate that the frustules of Diatoms and skeletons of siliceous 
organisms make up more than 50 per cent. of this deposit. 

Radiolarian Ooze.—It was stated, when describing a Globigerina 
ooze, that Radiolarians were seldom, if ever, completely absent from 
marine deposits. In some regions they make up a considerable 
portion of a Globigerina ooze, and are also found in Diatom ooze 
and in the terrigenous deposits of the deeper water surround- 
ing, however, the land. In some regions of the Pacific, the 
skeletons of these organisms make up the principal part of the 
deposits, and to these we have given the name “ Radiolarian ooze.” 
The colour is reddish or deep brown, due to the presence of the 
oxides of iron and manganese. The mineral particles consist of 
fragments of pumice, lapilli, and volcanic minerals, rarely exceed- 
ing 0°07 mm. in diameter. There is not a trace of carbonate of 
lime in the form of shells in some samples of Radiolarian ooze, 
but other specimens contain 20 per cent. of carbonate of lime 
derived from the shells of pelagic Foraminifera. The clayey 
matter and mineral particles in this ooze are the same as those 
found in the red clays, which we will now proceed to describe. 

Red Clay.—Of all the deep-sea deposits this is the one which is 
distributed over the largest areas in the modern oceans. It might be 
said that it exists everywhere in the abysmal regions of the ocean 
basins, for the residue in the organic deposits which have been 
described under the names Globigerina, Pteropod, and Radiolarian 
ooze, is nothing else than the red clay. However, this deposit 
only appears in its characteristic form in those areas where the terri- 
genous minerals and calcareous and siliceous organisms disappear to 
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a greater or less extent from the bottom. It is in the central 
regions of the Pacific that we meet with the typical examples. 
Like other marine deposits, this one passes laterally, according 
to position and depth, into the adjacent kinds of deep-sea ooze 
or mud. | | 

The argillaceous matters are of a more or less deep brown tint from 
the presence of the oxides of iron and manganese, In the typical — 
examples no mineralogical species can be distinguished by the 
naked eye, for the grains are exceedingly fine and of nearly uniform 
dimensions, rarely exceeding 0°05 mm. in diameter. It is plastic 
and greasy to the touch; when dried it coagulates into lumps so 
coherent that considerable force must be employed to break them. 
It gives the brilliant streak of clay, and breaks down in water. The 
pyrognostic properties show that we are not dealing with a pure 
clay, for it fuses easily before the blow-pipe into a magnetic bead. 

Under the term red clay are comprised those deposits in which the 
characters of clay are not well pronounced, but which are mainly com- 
posed of minute particles of pumice and other volcanic material 
which, owing to their relatively recent deposition, have not undergone 
great alteration. If we calculate the analyses of red clay it will be 
seen, moreover, that the silicate of alumina present as clay 
(2SiO,,A1,0, + 2H,O) comprises only a relatively small portion of 
the sediment, the calculation shows always an excess of free silica, 
which is attributed chiefly to the presence of siliceous organisms. ; 

Microscopic examination shows that a red clay consists of 
argillaceous matter, minute mineral particles, and fragments of 
siliceous organisms; in a word, it is in all respects identical 
with the residue of the organic oozes. The mineral particles 
are for the greater part of volcanic origin, except in those cases 
where continental matters are transported by floating ice, or 
where the sand of deserts has been carried to great distances by 
winds. These volcanic minerals are the same constituent minerals 
of modern eruptive rocks, enumerated in the description of volcanic 
muds and sands; in the great majority of cases they are accom- 
panied by fragments of lapilli and of pumice more or less altered. 
Vitreous volcanic matters belonging to the acid and basic series of 
rocks predominate in the regions where the red clay has its greatest 
development, and it will be seen presently that the most character- 
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istic decompositions which there take place are associated with 
pyroxenic lavas. 

Associated with the red clay are almost always found concretions 
and microscopic particles of the oxides of iron and manganese, 
to which the deposit owes its colour. Again, in the typical 
‘examples of the deposit, zeolites in the form of crystals and 
erystalline spherules are present, along with metallic globules 
and silicates which are regarded as of cosmic origin. Calcareous 
organisms are so generally absent in the red clay that they cantiot be 
regarded as characteristic ; when present they are chiefly the shells 
of pelagic Foraminifera, and are usually met with in greater numbers 
in the surface layers of the deposit, to which they give a lighter 
colour. On the other hand, the remains of Diatoms, Radiolarians, 
and sponge spicules are generally present, and are sometimes very 
abundant. The ear-bones of various cetaceans, as well as the 
remnants of other cetacean bones, and the teeth of sharks, are, in 
some of the typical samples far removed from the continents, ex- 
ceedingly abundant, and are often deeply impregnated with, or 
embedded in thick coatings of, oxides of iron and manganese. The 
remains of these vertebrates have seldom been dredged in the 
organic oozes, and still more rarely in the terrigenous deposits. 

The fine washings, as examined with a power of 450 diameters, 
are composed of an amorphous matter, fragments of minerals, 
the remains of siliceous organisms, and colouring substances. 
What we call amorphous matter may be considered as: properly 
the argillaceous matter, and presents characters essentially vague. 
It appears as a gelatinous substance, without definite contours, 
generally colourless, perfectly isotropic, and forms the base which 
agelutinates the other particles of the washings. As these physical 
properties are very indefinite, it is difficult to estimate even approxi- 
mately the quantity present in a deposit. However, it augments in 
proportion as the deposit becomes more clayey, but we think that 
only a small quantity of this substance is necessary to give a clayey 
character to a deposit. Irregular fragments of minerals, small 
pieces of vitreous rocks, and remains of siliceous organisms pre- 
dominate in this fundamental base. These particles probably 
make up about 50 per cent. of the whole mass of the fine washings, 
and this large percentage of foreign substances must necessarily | 
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mask the character of the clayey matter in which they are em- 
bedded. The mineral particles are seldom larger than 0°01 mm. 
in diameter, but descend from this size to the merest points, It is im- 
possible, on account of their minuteness, to say to what mineral species 
they belong, their optical reactions are insensible, their outlines too. 
irregular, and all special coloration has disappeared. All that can 
be reasonably said is that these minute mineral particles probably 
belong to the same species as the larger particles in the same deposit, 
such as felspar, hornblende, magnetite, &c. In the case of pumice 
and siliceous organisms the fragments can, owing to their structure, 
be recognised when of a much less size than in the case of the above 
minerals, | | 

It can be made out by means of the microscope that the colouring 
substances are hydrated oxides of iron and manganese. The former 
is scattered through the mass in a state of very fine division; in. 
some points, however, it is more localised, the argillaceous matter 
here appearing with a browner tinge, but these spots are noticed 
eradually to disappear in the surrounding mass. The coloration 
given by the manganese is much more distinct; there are small 
rounded brownish spots with a diameter of less than 0°01 mm., 
which disappear under the action of hydrochloric acid with dis- 
. engagement of chlorine. These small round concretions, which are 
probably a mixture of the oxides of iron and manganese, will be 
described with more detail in the “ Challenger” Report. 

The following table shows the nomenclature we have adopted :— 


( Shore formations, Found in inland 
Blue mud, seas and along the 
Green mud and sand, | shores of con- 


Terrigenous Red mud, tinents. 


| oceanic islands and 
Coralline mud and sand, 
Volcanic mud and sand, | 
continents. 
Red cla 
| Glob; Ys ] Found in the 
Pelagic obigerina ooze, 


abysmal regions 
of the ocean 


Diatom ooze, 
asins, 


Radiolarian 00ze, J 
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Geographical and Bathymetrical Distribution.—In the preceding 
pages we have confined our remarks essentially to the lithological 
nature of the deep-sea deposits, including in this term the dead 
shells and skeletons of organisms. From this point of view it has 
been possible to define the sediments and to give them distinctive 
names, We now proceed to consider their geographical and bathy- 
metrical distribution, and the relations which exist between tho 
mineralogical and organic composition, and the different areas of 
the ocean in which they are formed. | 

A cursory glance at the geographical distribution shows that the 
deposits which we have designated mups and SANDS are situated 
at various depths at no great distance from the land, while the 
ORGANIC OOZES and RED cLAYs occupy the abysmal regions of the 
ocean basins far from land, Leaving out of view the coral and 
voleanic muds and sands which are found principally around oceanic 
islands, we notice that our blue muds, green muds and sands, red 
muds, together with all the coast and shore formations, are situated 
along the margins of the continents and in enclosed and partially 
enclosed seas, The chief characteristic of these deposits is the 
presence in them of continental débris. The blue muds are found 
in all the deeper parts of the regions just indicated, and especially 
near the embouchures of rivers, Red muds do not differ much from 
blue muds except in colour, due to the presence of ferruginous 
matter in great abundance, and we find them under the same condi- 
tionsas the bluemuds, The green muds and sands occupy, as a rule, 
portions of the coast where detrital matter from rivers is not 
apparently accumulating at a rapid rate, viz., on such places as the 
Agulhas Bank, off the east coast of Australia, off the coast of Spain, 
and at various points along the coast of America. 

Let us cast a glance at the région occupied by terrigenous 
deposits, in which we include all truly littoral formations. This 
region extends from high-water mark down, it may be, to a depth 
of over four miles, and in a horizontal direction from 60 to per- 
haps 300 miles seawards, and includes, in the view we take, all 
inland seas, such as the North Sea, Norwegian Sea, Mediterranean 
Sea, Red Sea, China Sea, Japan Sea, Carribean Sea, and many others. 
It is the region of change and of variety with respect to light, 
temperature, motion, and biological conditions. In the surface 
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waters the temperature ranges from 80° Fahr. in the tropics, to 28° 
Fahr. in the polar regions. Below the surface, down to the nearly ice- 
cold water found at the lower limits of the region in the deep sea, 
there is in the tropics an equally great range of temperature. Plants 
and animals are abundant near the shore, and animals extend in 
- relatively great abundance down to the lower limits of this region 
which is now covered by these terrigenous deposits. The specific 
gravity of the water varies much, owing to mixture with river water 
or great local evaporation, and this variation in its turn affects 
the fauna and flora. In the terrigenous region tides and currents 
produce their maximum effect, and these influences can in some 
instances be traced to a depth of 300 fathoms, or nearly 2000 feet. 
_ The upper or continental margin of the region is clearly defined by 
the high-water mark of the coast-line, which is constantly changing 
through breaker action, elevation, and subsidence. The lower or 
abysmal margin is less clearly marked out. It passes in most cases 
insensibly into the abysmal region, but may be regarded as ending 
when the mineral particles from the neighbouring continents begin 
to disappear from the deposits, which then pass into an organic ooze 
or a red clay. | 

Contrast with these those conditions which prevail in the 
abysmal region in which occur the organic oozes and red elay, 
the distribution of which will presently be considered. This area 
comprises vast undulating plains from two to five miles beneath 
the surface of the sea, the average being about three miles, here 
and there interrupted by huge volcanic cones (the oceanic islands). 
No sunlight ever reaches these deep cold tracts. The range of — 
temperature over them is not more than 7°, viz. from 31° to 38° 
Fahr., and is apparently constant throughout the whole year in each 
locality. Plant life is absent, and although animals belonging to 
all the great types are present, there is no great variety of form 
or abundance of individuals. Change of any kind is exceedingly 
slow. | 

What is the distribution of deposits in this abysmal region 
of the earth’s surface? In the tropical and temperate zones 
of the great oceans, which occupy about 110° of latitude between 
the two polar zones, at depths where the action of the waves is not 
felt, and at points to which the terrigenous materials do not extend, 
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there are now forming vast accumulations of Globigerina and other 
pelagic Foraminifera, coccoliths, rhabdoliths, shells of pelagic Mol- 
luscs, and remains of other organisms. These deposits may perhaps 
be called the sediments of median depths and of warmer zones, be- 
cause they diminish in great depths and tend to disappear towards 
the poles, This fact is evidently in relation with the surface 
temperature of the ocean, and shows that pelagic Foraminifera and 
Molluscs live in the superficial waters of the sea, whenee their dead 
shells fall to the bottom. Globigerina ooze is not found in 
enclosed seas nor in polar latitudes In the Southern Hemisphere 
it has not been met with beyond tthe 50th parallel. In the 
Atlantic it is deposited upon the bottom at a very high latitude 
below the warm waters of the Gulf Stream, and is not observed 
under the cold descending polar current which runs south in the 
same latitude. These facts are readily explained, if we admit that 
this ooze is formed chiefly by the shells of surface organisms, which 
require an elevated temperature and a wide expanse of sea. But 
as long as the conditions of the surface are the same we would 
expect the deposits at the bottom also to remain the same. In 
showing that such is not the case, we are led to take into account | 
an agent which is in direct correlation with the depth, We may 
regard it as established that the majority of the calcareous organ- 
isms, which make up the Globigerina and Pteropod oozes, live in 
the surface waters, and we may also take for granted that there is 
always a specific identity between the calcareous organisms which 
live at the surface, and the shells of these pelagic creatures found at 
the bottom, This observation will permit us to place in relation 
the organic deposits and those which are directly or indirectly the 
result of thechemical activity of the ocean, Globigerina ooze is 
found in the tropical zone at depths which do not exceed 2400 
fathoms, but when depths of 3000 fathoms are explored in this 
zone of the Atlantic and Pacific, there is found an argillaceous 
deposit without, in many instances, any trace of calcareous organisms. 
When we descend from the “submarine plateaux” to depths which 
exceed 2250 fathoms the Globigerina ooze gradually disappears, 
passing into a greyish marl, and finally is wholly replaced by an 
argillaceous material which covers the bottom at all depths greater 
than 2900 fathoms, 
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The transition between the calcareous formations and_ the 
argillaceous ones takes place by almost insensible degrees. The 
thinner and more delicate shells disappear first. The thicker and 
larger shells lose little by little the sharpness of their contour, and 
appear to undergo a profound alteration. They assume a brownish 
colour, and break up in proportion as the calcarecus constituent 
disappears. The red clay predominates more and more as the 
calcareous element diminishes in the deposit. 

If we now recollect that the most important elements of the 
organic deposits have descended from the superficial waters, and that 
the variations in coritour of the bottom of the sea cannot of them- 
selves prevent the debris of animals and plants from accumulating 
upon the bottom, their absence in the red clay areas can only be 
explained. by a decomposition, under the action of a cause which 
we must seek to discover. 

Pteropod ooze, it will be remembered, is a calcareous organic 
deposit, in which the remains of Pteropods and other pelagic 
Mollusca are present, though they do not always form a preponder: 
ating constituent, and it has been found that their presence is in 
correlation with the bathymetrical distribution. 

In studying the nature of the calcareous elements which are 
deposited in the pelagic areas, it has been noticed that, like the 
shells of the Foraminifera, those of the Thecosomatous Pteropoda, 
which live everywhere in the superficial waters, especially in the 
tropics, become fewer in number as the depth from which the sedi- 
ments are derived increases. We have just observed tliat the shells of 
Foraminifera disappear gradually as we descend along a series of 
soundings from a point where the Globigerina ooze has abundance of 
carbonate of lime, towards deeper regions; but we notice also that 
when the sounding-rod brings up a graduated series of sediments from 
a declivity descending into deep water, among the calcareous shells 
those of the Pteropods and Heteropods disappear first in proportion 
as the depth increases, At depths less than 1400 fathoms in the tropics 
a Pteropod ooze is found with abundant remains of Heteropods and 
Pteropods ; deeper soundings then give a Globigerina ooze without 
these molluscan remains; and in still greater depths, as before 
mentioned, there is a red clay in which calcareous organisms are 
nearly, if not quite, absent. 
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In this manner, then, it is shown that the remains of calcareous 
organisms are completely eliminated in the greatest depths of the 
ocean. For if such be not the case, why do we find all these shells 
at the bottom in the shallower depths, and not at all in the greater 
depths, although they are equally abundant on the surface at both 
places? There is reason to think that this solution of calcareous 
shells is due to the presence of carbonic acid throughout all depths 
of ocean water. It is well known that this substance, dissolved in 
water, is an energetic solvent of calcareous matter. The investiga- 
tions of Buchanan and Dittmar have shown that carbonic acid 
exists in a free state in sea water, and in the second place, 
Dittmar’s analyses show that deep-sea water contains more lime 
than surface water. This is a confirmation of the theory which 
regards carbonic acid as the agent concerned in the total or partial 
solution of the surface shells before or immediately after they reach 
the bottom of the ocean, and is likewise in relation with the fact, 
that in high latitudes where fewer calcareous organisms are found at 
the surface, their remains are removed at lesser depths than where 
these organisms are in greater abundance. It is not improbable 
that sea water itself may have some effect in the solution of carbonate 
of lime, and further, that the immense pressure to which water is 
subjected in great depths, may have an influence on its chemical 
activity. We await the result of further researches on this point, 
which have been undertaken in connection with the “ Challenger ” 
Reports. We are aware that objections have been raised to the 
explanation here advanced, on account of the alkalinity of sea 
water, but we may remark that alkalinity presents no difficulty 
which need be here considered.* | 

This interpretation permits us to explain how the remains of 
Diatoms and Radiolarians (surface organisms like the Foraminifera) 
are found in greater abundance in the red clay than in a Globigerina 
ooze. The action which suffices to dissolve the calcareous matter 
has little or no effect upon the silica, and so the siliceous shells accu- 
mulate. Nor is this view of the case opposed to the distribution. of 
the Pteropod ooze. . At first we should expect that the Foraminifera 
shells, being smaller, would disappear from a deposit before the 
Pteropod shells; but if we remember that the latter are very thin — 


* Dittmar, Phys. Chem. Chall. Exp., Part i., 1884. 
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and delicate, and, for the quantity of carbonate of lime present, 
offer a larger surface to the action of the solvent than the thicker, 
though smaller, Globigerina shells, we shall see the explanation of 
this apparent anomaly. 

It remains now to point out the area occupied by the red clay. 
We have seen how it passes at its margins into organic calcareous 
oozes, found in the lesser depths of the abysmal regions, or into the 
siliceous organic oozes or terrigenous deposits. In its typical form 
the red clay occupies a larger area than any of the other true deep- 
sea deposits, covering the bottom in vast regions of the North and 
South Pacific, Atlantic, and Indian Oceans. As above remarked, 
this clay may be said to be universally distributed over the floor of 
the oceanic basins; but it only appears as a true deposit at points — 
where the siliceous and calcareous organisms do not conceal its proper 
characters, 

Having now indicated its distribution, we must consider the mode 
of its formation, and give, in addition, a concise description of the 
minerals and of the organic remains which are commonly associated 
with it. The origin of these vast deposits of clay is a problemof the | 
highest interest. It was at first supposed that these sediments were 
composed of microscopic particles arising from the disintegration of 
the rocks by rivers and by the waves on the coasts. It was believed 
that the matters held in suspension were carried far and wide by 
currents, and gradually fell to the bottom of the sea. But the uni- 
formity of composition presented by these deposits was a great objec- 
tion to this view. It could be shown, as we have mentioned above, 
that mineral particles, even of the smallest dimensions, continually 
set adrift upon disturbed waters must, owing to a property of sea 
water, eventually be precipitated at no great distance from land. It 
has also been supposed that.these argillaceous deposits owe their origin 
to the inorganic residue of the calcareous shells which are dissolved 
away in deep water, but this view has no foundation in fact. Every- 
thing seems to show that the formation of the clay is due to the 
decomposition of fragmentary volcanic products, whose presence can 
be detected over the whole floor of the ocean. 

These volcanic materials are derived from floating pumice and 
volcanic ashes ejected to great distances by terrestrial volcanoes, and 
carried far by the winds. It is also known that beds of lava and of tufa’ 
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are laid down upon the bottom of the sea. This assemblage of pyro- 
genic rocks, rich in aluminous silicates, decomposes under the chemical 
action of the water, and gives rise, in the same way as do terrestrial 
- voleanic rocks, to argillaceous matters, according to reactions, which 
we can always observe on the surface of the globe, and which are 
too well known to need special mention here. | 

The detailed microscopic examination of hundreds of soundings 
has shown that we can always demonstrate in the argillaceous matter 
the presence of pumice, of lapilli, of silicates, and other volcanic 
minerals in various stages of decomposition. 

As we have shown in another paper,* the deposit most widely 
distributed over the bed of modern seas is due to the decomposition 
of the products of the internal activity of the globe, and the final 
result of the chemical action of sea water is seen in the formation of 
this argillaceous matter, which is found everywhere in deep-sea 
deposits, sometimes concealed by the abundance of siliceous or cal- 
careous organisms, sometimes appearing with its own proper charac- 
teristics associated with mineral substances, some of which allow us to 
appreciate the extreme slowness of its formation, or whose presence 
corroborates the theory advanced to explain its origin. 

In the places where this red clay attains its most typical develop- 
ment, we may follow, step by step, the transformation of the volcanic 
fragments into argillaceous matter. It may be said to be the direct 
product of the decomposition of the basic rocks, represented by vol- 
canic glasses, such as hyalomelan and tachylite. This decomposi- 
tion, in spite of the temperature approximating to zero (32° F.), gives 
rise, as an ultimate product, to clearly crystallised minerals, which 
may be considered the most remarkable products of the chemical 
- action of the sea upon the volcanic matters undergoing decom- 
position. These microscopic crystals are zeolites lying free in the 
deposit, and are met with in greatest abundance in the typical red 
clay areas of the central Pacific. They are simple, twinned, or 
spheroidal groups which scarcely exceed half a millimetre in 
diameter. The crystallographic and chemical study of them shows 
that they must be referred to Christianite. It is known how easily 
the zeolites crystallise in the pores of eruptive rocks in process 
of decomposition; and the crystals of Christianite, which we 


* “©On Cosmic and Volcanic Dust,” Proc. Roy. Soc. Edin., 1888-84. 
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observe in considerable quantities in the clay of the centre of the 
Pacific, have been formed at the expense of the decomposing vol- 
canic matters spread out upon the bed of that ocean. 

In connection with this formation of zeolites, reference may be 
made to a chemical process whose principal seat is the red clay areas, 
and which gives rise to nodules of manganiferous iron. This sub- 
stance is almost universally distributed in oceanic sediments, yet it is 
not so much of the areas of its abundance that we intend to speak as 
to the fact of its occurrence in the red clay, because this association 
tends to show a common relation of origin. It is exactly in those 
regions where there is an accumulation of pyroxenic lavas in decom- 
position, containing silicates with a base of manganese and iron, 
such for example as augite, hornblende, olivine, magnetite, and basic 
glasses, that manganese nodules occur in greatest numbers. In the 
regions where the sedimentary action, mechanical and organic, is, as 
it were, suspended, and where, as will appear in the sequel, every- 
thing shows an extreme slowness of deposition,—in these calm waters 
favourable to chemical reactions, ferro-manganiferous substances 
form concretions around organic and inorganic centres, 

These concentrations of ferric and manganic oxides, mixed with 
argillaceous materials, whose form and dimensions are extremely vari- 
able, belong generally to the earthy variety or wad, but pass some- 
times, though rarely, into varieties of hydrated oxide of manganese 
with distinct indications of radially fibrous crystallisation. The in- 
terpretation to which we are led, in order to explain this formation of 
manganese nodules, is the same as that which is admitted in explana- 
tion of the formation of coatings of this material on the surfice of 
terrestrial rocks. These salts of manganese and iron, dissolved in 
water by carbonic acid, then precipitated in the form of carbonate of 
protoxide of iron and manganese, become oxidised, and give rise in 
the calm and deep oceanic regions to more or less pure ferro-man- 
ganiferous concretions. At the same time it must be admitted 
that rivers may bring to the ocean a contribution of these same 
substances. 

Among the bodies which, in certain regions where red clay 
predominates, serve as centres for these manganiferous nodules, are 
the remains of vertebrates. These remains are the hardest parts of 
the skeleton—tympanic bones of whales, beaks of Ziphius, teeth of 
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sharks ; and just as the calcareous shells are eliminated in the 
depths, so all the remains of the larger vertebrates are absent except 
the most resistant portions. These bones often serve as a centre 
for the manganese-iron concretions, being frequently surrounded by 
layers several centimetres in thickness. In the same dredgings on 
the red clay areas, some sharks’ teeth and cetacean ear-bones, some 
of which belong to extinct species, are surrounded with thick 
layers of the manganese, and others with merely a slight coating. 
We will make use of these facts to establish the conclusions 
which terminate this paper. | 

In these red clays there occur, in addition, the greatest number 
of cosmic metallic spherules, or chondres, the nature and characters 
of which we have pointed out elsewhere.* We merely indicate their 
presence here, as we will support our conclusions by a Teference to 
their distribution. 

Reviewing, then, the distribution of oceanic deposits, we may 
suminarise thus :— 

(1) The terrigenous deposits, the blue muds, green muds and 
sands, red muds, volcanic muds and sands, coral muds and sands, are 
met with in those regions of the ocean nearest to land. With the 
exception of the volcanic muds and sands, and coral muds and 
sands, around oceanic islands, these deposits are found only along 
the borders of continents and continental islands, and in enclosed 
and partially enclosed seas. 

(2) The organic oozes and red clay are confined to the abysmal 
regions of the ocean basins; a Pteropod ooze is met with in tropical 
and subtropical regions in depths less than 1500 fathoms, a 
Globigerina ouze in the same regions between the depths of 500 and 
2800 fathoms, a Radiolarian ooze in the central portions of the 
Pacific at depths greater than 2500 fathoms, a Diatom ooze in the 
Southern Ocean south of the latitude of 45° South, a red clay 
anywhere within the latitudes of 45° north and south at depths 
greater than 2200 fathoms. 

Contlusiuns.—All the facts and details enumerated in the fore- 
going pages point to certain conclusions which are of considerable 
geological interest, and which appear to be warranted by the ponent 


state of our investigations. 


* «On Cosmic and Volcanic Dust,” Proc. Loy. Soc. Edin., 1883-4. 
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We have said that the débris carried away from the land 
accumulates at the bottom of the sea before reaching the abysmal 
regions of the ocean. It is only in exceptional cases that the 
_ finest terrigenous materials are transported several hundred miles 
from the shores. In place of layers formed of pebbles and clastic ele- 
ments with grains of considerable dimensions, which play so large a 
part in the composition of emerged lands, the great areas of the ocean 
_ basins are covered by the microscopic remains of pelagic organisms, 
or by the deposits coming from the alteration of volcanic products. 
The distinctive elements that appear in the river and coast sedi- 
ments are, properly speaking, wanting in the great depths far 
distant from the coasts. To such a degree is this the case that in 
a great number of soundings, from the centre of the Pacific for 
example, we have not been able to distinguish mineral particles on 
which the mechanical action of water had left its imprint, and 
quartz is so rare that it may be said to be absent. It is sufficient 
to indicate these facts in order to make apparent the profound 
differences which separate the deposits of the abysmal areas of the 
ocean basins from the series of rocks in the geological formations. 
As regards the vast deposits of red clay, with its manganese con- 
cretions, its zeolites, cosmic dust, and remains of vertebrates, and 
the organic oozes which are spread out over the bed of the central 
Pacific, Atlantic, and Indian oceans, have they their analogues in 
the geological series of rocks? If it be proved that in the sedi- 
mentary strata the pelagic sediments are not represented, it follows 
that deep and extended oceans like those of the present day 
cannot formerly have occupied the areas of the present continents, 
and as a corollary the great lines of the ocean basins and con- 
tinents must have been marked out from the earliest geological 
ages. We thus get a new confirmation of the opinion of the per- 
manence of the continental areas. 

But without asserting in a positive manner that the terrestrial 
areas and the areas covered by the waters of the great ocean basins 
have had their main lines marked out since the commencement of 
geological history, it is, nevertheless, a fact, proved by the evi- 
dence derived from a study of the pelagic sediments, that these 
areas have a great antiquity. The accumulation of sharks’ teeth, of 
the ear-bones of cetaceans, of manganese concretions, of zeolites, 
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of volcanic material in an advanced state of decomposition, 
and of cosmic dust, at points far removed from the continents, 
prove this. There is no reason for supposing that the parts 
of the ocean where these vertebrate remains are found are more ~ 
frequented by sharks or cetaeeans than other regions where they 
are never or only rarely dredged from the deposits at the bottom. 
When we remember also that these ear-bones, teeth of sharks, 
and volcanic fragments, are sometimes incrusted with two centi- 
metres of manganese oxide, while others have a mere— coating, 
and that some of the bones and teeth belong to extinct species, we 
may conclude with great certainty that the clays of these oceanic 
basins have accumulated with extreme slowness. It is indeed almost 
beyond question that the red clay regions of the central Pacific con- 
tain accumulations belonging to geological ages different from our 
own. The great antiquity of these formations is likewise confirmed 
in a striking manner by the presence of cosmic fragments, the nature 
of which we have described.* In order to account for the accu- 
mulation of all these substances in such relatively great abundance 
in the areas where they were dredged, it is necessary to suppose the 
oceanic basins to have remained the same for a vast period of time. 

The sharks’ teeth, ear-bones, manganese nodules, altered volcanic 
fragments, zeolites, and cosmic dust, are met with in greatest 
abundance in the red clays of the central Pacific, at that point on 
the earth’s surface farthest removed from continental land. They 
are less abundant in the Radiolarian ooze, are rare in the Globi- 
gerina, Diatom, and Pteropod oozes, and they have been dredged 
only in a few instances in the terrigenous deposits close to 
the shore. These substances are present in all the deposits, but 
owing to the abundance of other matters in the more rapidly 
forming deposits their presence is masked, and the chance of 
dredging them is reduced. We may then regard the greater or 
less abundance of these materials, which are so characteristic of a 
true red clay, as being a measure of the relative rate of accumula- 
tion of the marine sediments in which they lic. The terrigenous 
deposits accumulate most rapidly, then follow in order Pteropod ooze, 
Globigerina ooze, Diatom ooze, Radiolarian ooze, and, slowest of all, 
red clay. | 


* “On Cosmic and Volcanic Dust,” Proc. Loy. Soc. Edin, 
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From the data now advanced it appears possible to deduce other 
conclusions important from a geological point of view. In the de- 
posits due essentially to the action of the ocean, we are at once 
struck by the great variety of sediments which may accumulate in 
regions where the external condition§ are almost identical. Again 
marine faunas and floras, at least those of the surface, differ greatly, 
both with respect to species and to relative abundance of individuals, 
in different regions of the ocean; and as their remains determine 
the character of the deposit in many instances, it is legitimate to 
conclude that the occurrence of organisms Of a different nature in 
several beds is not an argument against the synchronism of the 
layers which contain them. | | 

The small extent occupied by littoral formations, especially those 
of an arenaceous nature, shown by our investigations, and the 
relatively slow rate at which such deposits are formed along a 
_ stable coast, are matters of importance. | | 

In the present state of things there does not appear to be anything 
to account for the enormous thickness of the clastic sediments 
making up certain geological formations, unless we consider the 
exceptional cases of erosion which are brought into play when a 
coast 1s undergoin g constant elevation or subsidence. Great move- 
ments of the land are doubtless necessary for the formation of thick 
beds of transported matter like sandstones and conglomerates. 

In this connection may be noted the fact that in certain regions of 
the deep sea no appreciable formation is now taking place. Hence 
the absence, in the sedimentary series, of a layer representing a 
definite horizon must not always be interpreted as proof either of 
the emergence of the bottom of the sea during the corresponding 
period, or of an ulterior erosion. Arenaceous formations of great. 
thickness require seas of no great extent and coasts subject to 
frequent oscillations, which permit the shores to advance and retire. 
Along these, through all periods of the earth’s history, the great 
marine sedimentary phenomena have taken place. | 

The continental geological formations, when compared with marine 
deposits of modern seas and oceans, present no analogues to the red 
clays, Radiolarian, Globigerina, Pteropod, and Diatom oozes. On 
the other hand, the terrigenous deposits of our lakes, shallow seas, 

enclosed seas, and the shores of the continents, reveal the equivalents 
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of our chalks, greensands, sandstones, conglomerates, shales, marls, 
and other sedimentary formations. Such formations as certain 
tertiary deposits of Italy, Radiolarian earth from Barbadoes, and 
portions of the Chalk where pelagic conditions are indicated, must 
be regarded as having been laid down rather along the border of a 
continent than in a true oceanic area. On the other hand, the 
argillaceous and calcareous rocks, recently discovered by Dr 
Guppy, in the upraised coral islands in the Solomon group, are 
nearly identical with the volcanic muds, and probably also with the 
Pteropod and Globigerina oozes of the Pacific. 

Regions situated similarly to enclosed and shallow seas and the 
borders of the present continents appear to have been, throughout 
all geclogical ages, the theatre of the greatest and most remarkable 
changes ; in short, all, or nearly all, the sedimentary rocks of the 
continents would seem to have been built up in areas like those 
now occupied by the terrigenous deposits, which we may designate 
“the transitional or critical area of the earth’s surface.” This 

area occupies, we estimate, about two-eighths of the earth’s surface, 
while the continental and abysmal areas occupy each about three- 
eighths. 

During each era of the earth’s history, the borders of some lands 
have sunk beneath the sea and been covered by marine sediments ; 
while in other parts the terrigenous deposits have been elevated 
into dry land, and have carried with them a record of the organisms 
which flourished in the sea of the time. In this transitional area 
there has been throughout a continuity of geological and biological 
phenomena, 

From these considerations it will be evident that the character of 
a deposit is determined much more by distance from the shore of a 
continent than by actual depth; and the same would appear to be the 
case with respect to the fauna spread over the floor of the present 
oceans. Dredgings near the shores of continents, in depths of 1000, 
2000, or 3000 fathoms, are more productive both in species and 
individuals than dredgings at similar depths several hundred miles 
seawards. Again, among the few species dredged in the abysmal 
areas furthest removed from land, the majority show archaic 
characters, or belong to groups which have a wide distribution in 
time as well as over the floor of the present oceans. Such are the 
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HMexactinellida, Brachiopoda, Stalked Crinoids and other Echino- 

As already mentioned, the transitional area is that which now 
shows the greatest variety in respect to biological and physical 
conditions, and in past time it has been subject to the most frequent 
and the greatest amount of change. The animals now living 
in this area may be regarded as the greatly modified descendants of 
those which have lived in similar regions in past geological ages, and 
some of whose ancestors have been preserved in the sedimentary 
rocks as fossils. On the other hand, many of the animals dredged 
in the abysmal regions are most probably also the descendants of 
animals which lived in the shallower waters of former geological 
periods, but descended into deep water to escape the severe 
struggle for existence which must always have obtained in those 
depths affected by light, heat, motion, and other conditions. Having 
found existence possible in the less favourable and deeper water, 
they may be regarded as having slowly spread themselves over the 
floor of the ocean, but without undergoing great modifications, 
owing to the extreme uniformity of the conditions and the absence 
of competition. Or we may suppose that in the depressions which 
have taken place near coasts, some species have been gradually 
carried down to deep water, have accommodated themselves to the 
new conditions, and have gradually migrated to the regions far from 
land. A few species may thus have migrated to the deep sea during 
each geological period. In this way the origin and distribution of 
the deep-sea fauna in the present oceans may in some measure be 
explained. In like manner, the pelagic fauna and flora of the ocean 
is most probably derived originally from the shore and shallow water. 
During each period of the earth’s history a few animals and plants 
have been carried to sea, and have ultimately adopted a pelagic mode 
of life. | 

Without insisting strongly on the correctness ‘of some of these 
deductions and conclusions, we present them for the consideration 
of naturalists and geologists, as the result of a long, careful, but as 
yet incomplete, investigation. 
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4, Note on aslarge Crystal of Calc-spar, found in Lough Corrib 
by Profesgor Tait. _ By the Abbé Renard. 


“fhe crystal of calcite found by Professor Tait presents very large 
dimensions for a specimens with very simple, and, at the same time, 
very definite forms. This crystal shows the faces of the primitive 
rhombohedron of 105°, and is twinned with parallel axes. The two 
individuals whith compose the crystal show the form of the cleavage 
rhombohedron R (1011); they are applied to each other with sym- 
metrical development with reference to the base oR (0001), and 
present the appearance of a simple crystal, although formed of two. 
distinct halves, of which the upper belongs to one crystal and the 


lower to the other, the two individuals being complementary to each 
“other. Along the twinning plane may be noticed a series of very 
. regular grooves, which indicate a repetition of the twinning following 


the base. It must be noticed that the six faces do not present the 


-same physical characters—two of them, the primitive faces of the 


crystal, are smooth ; the other four, although having the same crystal- 
lographic sign, are faces of cleavage more brilliant than the others. 


- They appear to show that the crystal, although found isolated by 


Professor Tait, was formerly attached. This is further demon- 
strated by the presence of irregular faces, which are not amenable to 
any mathematical law. These false faces may be seen on the 
superior and inferior portions of the crystal ; they are granular, and 
without lustre, and cannot be confounded either with the crystal 
faces or with those of cleavage. They have been produced by the 
pressure exerted upon the crystal by the neighbouring erystals, whicb 
were developing at the same time. This consideration explains the 


anomalies which they show, when regarded from a geometrical point 
of view. : 


PRIVATE BUSINESS. 


Mr George M. Low, Dr Frederick Hungerford Bowman, the Rev. 
Dr J. Gordon Macpherson, M.A.; Mr Charles Scott Dickson, advo- 
cate ; and Mr Robert Traill Omond, were balloted for, and declared 
duly elected Fellows of the Society. 
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Monday, 18th Kebruary 1884, 
SunrirF FORBES IRVINE, Vice-President, in the Chair. 


The following Communications were read :— ati 
| 


1. On Radiation. By Professor Tait. 
(Abstract.) 


The first part of this communication was devoted to a recapitulation 
of the advances in the Theory of Exchanges made by Stewart in 
1858, and published in the Z'ransactions of the Socieby for that 
year. Such a recapitulation it will be seen is necessary; as 


- Stewart’s papers seem either to have fallen into oblivion or to mm. 
deemed unworthy of notice. It was pointed out that Stewart 
showed in these papers that the radiation within an impervious. - 
enclosure containing no source of heat must ultimately become, like 
the pressure of a non-gravitating fluid at rest, the same at all points - 


and in all directions ; but that this sameness is not, like that of fluid 
pressure, one of mere total amount; it extends to the quantity and 
quality of every one of the infinite series of wave-lengths involved. 
For, as one or more of the bodies may be black, the radiation is 
simply that of a black body at the temperature of the enclosure. 
Any new body, at the proper temperature, may be inserted in the 
enclosure without altering this state of things; and must therefore 
emit precisely the amount and quality which it absorbs. This 
remark contains all that is yet known on the subject. For we 
have only to assume for the purpose of reasoning, the existence of a 
substance partially, or wholly, opaque to one definite wave-length, 
and perfectly transparent to all others; or with any other limited 
properties we choose; and suppose it to be put (at the proper 
temperature) into the enclosure. Jf we next assume that its 
temperature when put in differs from that of the enclosure, the ex- 
perimental fact that, in time, equilibrium of temperature is arrived 
at, shows that the radiation of any particular wave-length by a body 
increases with rise of temperature. And go forth. | 

Yet in the latest authoritative work on the subject, Lehrbuch der 
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Spektralanalyse, von Dr H. Kayser (Berlin, 1883), though historical 
details are freely given, the name of Stewart does not occur even 
once! There are in the same work other instances of historical 
error nearly as.grave. Thus the physical analogy, by which Stokes 
in 1852 first explained the basis of spectrum analysis, is given in 
Dr Kayser’s work ; but it is introduced by the very peculiar phrase 
wollen wir versuchen, eine mechanische Erklérung der 
Erscheinungen zu geben, welche auf unsere Anschauungen iiber das 
Leuchten begriindet ist. .... ;” and the name of Stokes is not 
even mentioned in connection with it! 

The second part of the paper deals with the resnres of the limits 
of accuracy of the reasoning which led Stewart, and those who have 
followed him, to results of such vast importance. Dr Kayser, 


- indeed, announces his intention “in aller Strenge mathematisch zu 
beweisen” the equality of emissive and absorptive powers. But 


the mere fact that phosphorescent bodies, such as luminous paint, 


give out visible radiations while at ordinary temperatures, shows at 


once that there are grave exceptions even to the fundamental state- 
ment that the utmost radiation, both as to quantity and as to quality, 
at any one temperature, is that of a black body :—and very simple 


_ considerations show that all the reasoning which has been applied 


to the subject is ultimately based on the Second Law of Thermody- 
namics (or Carnot’s principle), and is therefore true only in the sense 
in which that law is true, z.e, in the statistical sense. The assumed 
ultimate uniformity of temperature in an enclosure, which is 
practically the basis of every demonstration of the extended law of | 
exchanges, is merely an expression for the average of irregularities 
which are in the majority of cases too regularly spread, and on a 
scale too minute, to be detected by our senses, even when these are 
aided by the most delicate instruments. The kinetic theory of 
gases here furnishes us with something much closer than a mere 
analogy. For the very essence of what appears to us uniform 
temperature in a gas is the regularity of distribution of the irregu- 
larities of speed of the various particles. And, just as in every 
mass of gas there are a few particles moving with speed far greater 
than that of mean square, soit is at least probable that a black body 
at ordinary temperatures emits (though, of course, excessively 
feebly) radiations of wave-lengths corresponding to those of visible 
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light. Effects apparently or at least conceivably due to this cause 
have been obtained by various experimenters, 

If we could realise a dynamical system, analogous to that of a gas 
on the kinetic theory, but such that none of the particles could have 
any but one of a certain limited number of definite speeds, and if 
there were still a tendency to the nearest statistical average, we | 
should have something capable of a arma phosphoresence at 
ordinary temperatures. 


2. On the Need for Decimal Subdivisions in Astronomy and 
Navigation, and on Tables requisite therefor. By 
Edward Sang, LL.D. : 


The abstract question as to what number would have been most 
advantageously taken for the basis of an arithmetical system has 
been put aside by the universal preference shown for the number 
ten. All nations having any culture count in tens. In the English 
language, traces remain of the old numeration by dozens and SCOres ; 
the French still prefer to say “ quatre-vingt seize,” rather than 
‘“‘nonante-six.” These vestiges serve to show that there has been 
change. But from the old Eastern languages all traces of my but 
the denary counting have disappeared. 

It is in vain to argue that the number twelve is divisible by three 
and by four, or that the perfect number six has the preference ; for, 
however strong the arguments may be, there is no likelihood that 
they shall overturn the universally adopted mode. Nay, when, 
purely as arithmeticians, we come to look into the matter, and 
consider the needs and capabilities of mankind, we find arguments 
of no mean weight in favour of the denary mode. 

But, whatever question there may be about the convenience of 
one or of another basis, there can be no question as to the principle 
of uniformity in the plan. To count our money in dozens and 
scores, our weights in sevens, and our distances in elevens, must 
necessarily entail trouble and confusion. Our unreasoning adher- 
ence to the medley of British monies, weights, and measures, is 
indeed a subject of wonder. If there be fourteen pounds to the 
stone, why not fourteen ounces to the pound? Five and a half 
yards go to a perch, why not five perches and a half to the furlong ? 
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We make our pound of seven thousand troy grains, and come down 
again with sixteen ounces to the pound! 

The introduction of the Indian numerals and notation has brought 
the inconvenience of these haphazard schemes into strong relief. 
The whole power of this algorithm comes from its uniformity. 
The old scheme of counting by help of letters had proceeded 
decimally, its great convenience having led to its use among the 
_ Arabs, from whom it passed into Greece. In this scheme the value 
of the letters depends on their place in the Hebrew Elif Be, which 
place is fixed in the Arab’s memory by the rhythm “ ebjed hevves 
hota kelmen,” &c., while the Greeks had to supply two new 
characters to fit it to their alphabet. The first group of nine letters 
are taken to signify units, the second group tens, and the third 
group hundreds. But the marks, in the Indian method, rise in 
value ten times for each step on the scale, and thus ten characters 
serve, and much more than serve, for the former twenty-eight. 

We, who have never had to use the older method, can hardly 
appreciate the magnitude of the improvement. Adopted at once by 
men of science, it led to the decimal division of the radius, and to 
the construction of the canon of sines in its modern form. Passing 
to commercial men, it greatly facilitated their computations. In 
every branch of business its influence is felt. Thus Fahrenheit, 
when arranging his thermometers, divided the capacity of the bottle 
_ decimally, and estimated temperature by the expansion of mercury 
in ten-thousandth parts of its bulk; while Celsius, proceeding in 
another direction, placed one hundred degrees between the tempera- 
tures of freezing and boiling water. The chemist makes his analyses 
in hundredths ; the banker discounts per cent. ; in every quarter the 
struggle is in favour of decimals. Gunter contrived his chain of one 
hundred links in order that there might be one hundred thousand 
square links in an acre; the engineer graduates his levelling staff 
not in feet, inches, and eighths, but in feet and hundredths, 

There is no doing without decimals; when, in making a propor- 
tion, we have to compare two quantities of one kind, we, as the 
arithmeticians say, bring them both to one denomination: 2 cwt. 3 
qrs. 17 Ibs. 114 0z. must be brought to quarter ounces, of which 
there are 20 845 in this quantity. That is to say, having found 
our old system to be unworkable, we have recourse to counting in 
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tens ; and, moreover, the trouble of converting our confused measures 
into decimals exceeds that of the real business in hand. Every 
such conversion is a protest in favour of uniformity. 

Of all the affairs to which calculation is applied, trigonometry 
and astronomy have reaped. most copiously the benefits of the 
Indian algorithm. We have only to compare the laborious process 
by which Archimedes determined the ratio of the circumference to 
the diameter of a circle, or the parallax and distance of the moon, 
to perceive how effectively the new numerals smoothed the rough 
road of alpha, beta; iota, kappa. Yet, great as these benefits were, 
they failed to satisfy the growing needs of science. Each step in 
exactitude added to the toil of the computer, till, discouraged by 
the swelling crowd of multiplications and divisions, of proportions 
among the sines and cosines, the mean distances, excentricities, 
anomalies, and periodic times, Kepler began to despair of the future 
of his science. Can we, then, afford to mar these benefits by a 
slavish adherence to a scheme of subdivision, beautiful in its uni- 
formity, dignified by its age, but inept to the actual requirements ? 

The successive division by sixty, into parts of the first, second, 
and third degree of minuteness, dates back from before the reach of 
authentic history; it speaks of a great advance and subsequent decay 
of knowledge, for the ancient stadium and the Chinese li agree, 
within an inch or two, with the third subdivision of the earth’s 
circumference in this progression. The convenience of its numer- 
ous divisions has, no doubt, helped to retain it in use. Sixty com- 
bines, in this respect, the advantages of ten and twelve, but is far 
too large for numeration in the ordinary affairs of life. Its reten- 
tion in the measurement of time and angle is a great hindrance to 
our progress. | 

In the exceedingly simple applications of trigonometry to land- 
measuring, we have very little to do even with the addition and 
subtraction of angles, nothing whatever with their ratios ; and thus 
the character of the subdivision has, comparatively, little import- 
ance for the surveyor. Yet even he would be much helped by 
the centesimal division of the quadrant. It is a long time since 
the division of the azimuth circle into four quadrants of ninety 
- degrees each was discarded ; the bearings were then read, so many 
degrees to the east or west of north, so many degrees east or 
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west of south, the same number of degrees indicating four 
different directions. The awkwardness of this is obvious to us; 
division into two parts of 180° each was substituted, and this again 
is now superseded by the graduation all round to 360°, so that a 
number applies to one direction only; this gives great clearness to 
-the field operations. Having observed, from the station A, the 
bearings of various signals, among others that of the station B, 
and having carried the theodolite thither, we wish so to plant it as 
that it may again indicate the bearings of other signals. For this 
purpose we so place the azimuth circle as that, on looking back to 
A, the reading may be exactly the opposite of the previous reading 
from A to B, As the seamen phrase it, we must box the compass ; 
we have to add or subtract 180° as the case may be. 

In computing the co-ordinates of the stations, by help of the 
traverse table, or by the logarithmic process, we have to note the 
_ change from addition to subtraction at 90°, 180°, 270°, 360°, and 
have to pass from the top to the bottom of the page at 45°, 135°, 
225°, and 315°; changing sine into cosine, difference of latitude 
into departure. Whereas, with the centesimal division of the 
quadrant, the changes are at the hundreds and fifties, while the 
opposite directions differ by 200°. The improvement both in 
comfort and in freedom from mistakes needs not to be insisted on. 

In astronomical work, the awkwardness of having two numerical 
_ systems is conspicuous. We observe a planet’s opposition to the 
sun, and again another opposition ; the interval of time is noted in 
days, hours, minutes, seconds; the change of longitude in signs, 
degrees, minutes, seconds; and thence, roughly, to compute the 
periodic time we have to make a proportion. If we had been 
habituated to count in sixties, and if the number 24 had not 
occurred, the calculation in sexagesimals would have been the 
natural one; our logarithms would, according to Nepair’s own 
opinion, have had 60 for their basis, just as now they have 10. 
As things are, no one can make the calculation. We must turn the 
times and the angles into decimals, taking the day or the second as 
the unit of time, the degree perhaps or the second as that of angle ; 
without decimals we are unable to move a single step. — 

Now these divisions are made for the purposes of calculation ; 
intrinsically it is of no moment which way we count, the planetary 
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phenomena are not thereby affected ; the matter is one purely of 
arithmetical convenience. Had the subdivisions been according to 
the powers of ten, these conversions and their attendant labour 
would have been saved. But it is not now and then only that 
these irksome conversions occur ; they pervade every calculation in 
geodesy, navigation, astronomy. The estimate is not too high, that 
they double the labour of computation. 

In astronomical works there is abundant evidence of the need for 
a change. While the reckoning of longitude in signs, used sixty 
years ago, is discarded in favour of the counting in degrees all 
round, thirds are quite disused, the second is divided into tenths 
and hundredths. The arguments for the planetary disturbances 
are given, not in degrees, but in thousandth parts of the entire re- 
volution. 
_ There is no work having greater authority in these matters than 
that most admirable one, the Nautical Almanac, and every page 
thereof proclaims the need for decimals, The right ascensions, decli- 
nations, latitudes, and longitudes are given to decimals of the second. 
Now, if the division of the second into 100 parts be better than 
into 60, why should we not adopt, as John Newton did in the 
Trigonometria Britannica, the centesimal division of the degree? 
There is, and there can be, no argument in favour of division by 
60 down to seconds, that will not hold as well for thirds and for 
fourths; and the same instinct for convenience which leads to the 
decimal division of the second would, if it had its own way, lead 
to that of the degree, of the quadrant, and of the day. | 

But ease of calculation is not the only consideration. The sun’s 
daily right-ascensions, to hundredths of a second, are accompanied 
| | by a column of variations in one hour; this, which is really needed 
for the sake of the inept computer, saves the division by 24. But 
this column occupies the place of the actual differences, needed by 
| the strict computer for taking into account the variation of the 
variations. With decimal graduation one column would suffice for 
all, and the compiler of the almanac would be spared the labour. 
The same may be said of the sun’s declinations and of the moon’s 
hourly places, which are accompanied by variations in 10 minutes. 
In the last-mentioned there is a remarkably strong instance of the 
awkwardness of sixties. Thus the variation in declination is to be. 
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seen written 112'°37, rather than 1'°52’:37 ; it would be difficult 
to cite a more forcible example. 

That triumph of skill, patience, and exactitude, the table of 
Lunar Distances, is a protest even stronger; therein the movon’s 
distances from a star are given at intervals of three hours, In 
order to compute the Greenwich time of his observation, the 
mariner compares his observed distance (corrected for refraction and 
parallax) with those found in the almanac; he has therefore to 
make a proportion in sexagesimals, Seamen are understood to be 
so wedded to the present system, that they of all others would 
dislike a change; yet such are the torments of sexagesimals that, 
for the shunning of them, a column of proportional logarithms is 
contrived, and a special logarithmic system is arranged. Instead of 
having to work out a simple proportion, the seaman is drilled to 
use the proportional logarithm, whose nature, in ninety-nine cases_ 
out of a hundred, he does not comprehend. 

In the higher branches of astronomical calculations, and in the 
application of trigonometry to mechanical and physical problems, 
the ares and their various functions have to be compared, the mode 
of comparison being suited to the particular cases. When the arcs 
are homologues of angles measured by help of graduated instruments, 
their natural unit is the entire circumference; but their sines and 
tangents, having reference to rectilineal measure, are most con- 
veniently compared with the radius. Hence it is that, in ordinary 
trigonometry, two units are employed; and hence also the con- 
venient though somewhat illogical expression, “the sine of an 
angle,” instead of ‘the sine of the are homologous to an angle.” 
But in many cases, notably in analytical investigations, the radius 
of the circle is made the basis of comparison both for arcs and for 
sines, Also, in computing the anomalies of the planets, the areas 
passed over by the radius-vector have to be considered, and it is 
much preferable to measure the sines in parts of the circumference, 
the areas in parts of the surface of the circle. 

Thus we have often to pass from one unit of measure to another ; 
with no system of subdivision can the transitions be made more 
easily (if at all) than by that of uniform decimal subdivision. 

From whichever point of view the matter may be studied, the 
desirability of the change is clear; but there are difficulties in the 
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way ; there are the prejudices of habit, the discomforts of transition, 
the existing mass of preparatory work suited to the old plan, and, 
above all, the mass of preparations needed for the new scheme, 
Here, indeed, the great obstacle lies, | 
_ Aside from the proposal of a change of system, a new computa- 
tion of fundamental tables looms in the near future. The precision 
of modern measurements render it necessary, in astronomical specula- 
tions, to reckon to hundredths of a second of time, to tenths of a 
second of arc. Now when we determine an arc by help of (say) 
the seven-place logarithm of its tangent true in the last figure, the 
uncertainty arising from the omitted parts may amount to the 
fortieth part of a second ; so that, since the logarithm itself is 
subject. to several similar uncertainties, we may, notwithstanding all 
care, err by the tenth part of a second. But it is a sound principle 
that the accuracy of the arithmetical work should be clearly beyond 
that of observation, in order that no perceptible new error may be | 
introduced, and thus the time is not very far distant when eight- 
place tables may be indispensable. Hence, in designing the canons 
for the decimal system, we: must also look forward to increased 
precision. | 

Since by far the greater number of computations are done by help 
of logarithms, our first business is to sce to the logarithmic canon. 
Beginning independently of all previous work, the logarithms of 
all primes up to 10,000 have been computed to 28 places, that 
they may be true to 25, each prime being put in relation to, at 
least, three others. The greatest discrepancy found amounted to 
unit in the 27th place, so that this fundamental table may be 
regarded as altogether free from error. The volumes I., II, III., 
placed on the Society’s table, contain all the articulate steps of the 
work, with indices to the primes and to the divisors used ; so that, 
if in any subsequent computation one of these divisors should © 
recur, we are spared the labour of a new division. Thus for the 
logarithm of 6563, the three equalities were used 


32 130 000 001 = 11°599°743°6563 
627 600001 = 7:19°719°6563 
36 930001 = 17:331°6563 


and the agreement furnished presumptive evidence of the accuracy 
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of the previous computations (themselves similarly checked) for the 
above eight primes 11, 599, 742; 7, 19, 719; 7, 331, and also for 
the prime divisors of 3213, 6276, 3693, namely, 17,523, 1231. In 
this way the whole work is bound together by an intimate inter- 
lacing of tests. The search for the appropriate formule was greatly 
facilitated by Burckhardt’s admirable “ Table des Diviseurs,” but 
the recent extensions of that table by Dase and by Glaisher would 
have been most welcome. 

By the combination of these primes and by interpolation to 
second differences, the logarithms, to 15 places, of all numbers from 
100 000 to 370000 have been computed. The actual calculations 
are contained in the twenty-seven volumes herewith presented, and 
the transfers in nine. 

These logarithms are necessarily liable to residual errors, whose — 
amount, however, cannot exceed three units in the fifteenth place. 
Among a large number of verifications, made for other purposes, no 
error exceeding two units has been found. : 

They are accompanied by the first and second differences— 
differences of the third order would only appear in the sixteenth 
place even at the beginning of the canon. 

By help of these differences we can interpolate the logarithm of a 
number of more than six effective figures; the work consisting of 
three multiplications. For the converse operation, that of computing 
_ the number corresponding to a logarithm not found in the table, we 
need to resolve an equation of the second degree. Now the first 
differences have.ten, the second difference have five effective figures, 
and therefore, when the utmost precision is required, cither of these 
interpolations is necessarily laborious. 

For the purposes of shortening the work, and of avoiding the 
solution of the quadratic equation, the expedient used by Nepair in 
the computation of his original canon miri ficus, is had recourse 
in a form modified to suit the present circumstances. 

To get the logarithm of a number not in the table, it is enough to 
discover that of the ratio which it bears to the tabulated number 
immediately below it. Now this ratio itself is easily found by 
division, and, in our present case, is expressed by unit followed at an 
interval of at least five blanks, by other figures ; its greatest possible 
value is 1,00001. In the volume marked Auwziliary table the 
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logarithms of such ratios are given for each of the ten thousand 
numbers from 1 000 000 000 to 1000010000. This list serves the 
purposes of both of Nepair’s Zabule prima et secunda, and gives us, 
by help of this easy division, the fifteen-place logarithm of any 
‘number whatever. Not only so; it also enables us to solve the 
converse problem, by help of a multiplication as easy. 

But we may approach to the required result, from the tabulated 
numbers immediately above. So, in order to supply the means of 
verification, the auxiliary table is carried, on the other side, to ten — 
thousand numbers below the same 1 000 000 000. 

This addition to the canon, besides greatly lessening the labour in 

interpolating, lends itself readily to systematic computation. 
_ The fundamental canon for trigonometry is that of sines: these 
to 25 places for each two thousandth part of the quadrant, and 
to 15 places for each ten thousandth part, have been computed 
strictly by second differences, verified at short intervals. In the 
volumes placed before the Society the actual calculations are con- 
tained: they are recorded in such a form that each sine may be 
instantly examined. The manner of the calculation afforded a 
continuous and complete check, and the table is believed not to 
contain a single error. From these, the canon of logarithmic sines 
and the other usual trigonometrical tables may easily be compiled to 
an exactitude far beyond the requirements of practice. 

In a paper entitled ‘‘Nouveau Calcul des Mouvements elliptiques,” 
printed in the Memoirs of the Turin Academy for 1879, the mean 
anomaly of a planet is deduced from its position by taking the sum 
or the difference of two circular segments, In order to reap the 
advantage of this exceedingly simple solution of Kepler’s problem, 
we need first to compute the sines, measured, not in parts of the 
radius, but in parts of the circumference. The volume marked 
“Sines measured in Degrees” contains the whole calculation of this 
canon for each centesimal minute, and to ten decimal places of the 
quadrant. 

From this table, that of circular segments, measured in degrees of 
the surface of the circle, for each of the 40000 minutes of the 
entire circumference, has been composed. This table, though 
designed expressly for astronomical purposes, has its uses in other 
branches of science.’ 
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When the position of a planet in its orbit is given, the mean 
anomaly is obtained directly and almost by inspection; but when 
the mean anomaly is proposed, the position has to be got by the 
inverse use of the tables, that is by approximation. When the first 
estimate is reasonably near, the work is scarcely more Jaborious than 
an ordinary interpolation ; and when, as in preparing the equations 
of the centre, the computations are to be made at stated intervals, 
the labour is insignificant. 

For the purpose of guiding the first estimate in sporadic cases, 
the mean anomalies corresponding to each degree of position, and in 
orbits of every degree of eccentricity, are given in the volume A, 
titled Mean Anomalies, the results being given to ten decimal places, 
and in volume B to eight places, with differences and variations. 

In Kepler’s time the details of only six elliptic orbits needed to 
be worked out ; now we have forty times as many. The motions of 
the cloud of specks, so small as to be scen only by help of the 
telescope, afford an opportunity of verifying and correcting our 
estimates of the relative masses of the major planets, so much the 
more valuable that the disturbances exerted by these miniature 
worlds upon their giant neighbours escape our power of detection. 
This new mode of calculation vastly reduces the labour of comparing 
the purely elliptic with the observed motions. 

For all analytical investigations the arc, as well as its sine, cosine, 
and tangent, is reckoned in parts of the radius—an arrangement also 
suited for several other applications of trigonometry. From this 
point of view, the sine and cosine take their place among functions 
with recurring derivatives; they are most easily and rapidly com- 
puted in this connection, without reference to the properties of the 
circle, being regarded as functions equal to their second derivatives 

with the signs changed. The volume titled “ Recurring Functions” 
contains their values to twelve decimal places, for each thousandth 
part of the radius, up to two radii. 

For facilitating the change from the one unit to the other in the 
measurement of arcs, a table is here presented of the “ Lengths of 
Circular Arcs” both for the ancient and for the modern graduation. 
The contrast in the arrangement of the two parts of this table affords 
an excellent example of the power and conciseness of the decimal 
system. 
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The lengths are given for each second of the ancient division up 
to one degree, in all 3600 values; thereafter for each degree up to 
1800°, or five complete revolutions; the values for fractions of a 
second being got by the transposition of the numbers at the 
beginning of the table, this facility being due to the adoption of 
the decimal division for seconds, 

For the modern division 1000 terms suffice, because by mere 
transposition the table may be extended indefinitely both ways. 

In order to pass from the one system of subdivision of the quad- 
rant to the other, a table of equivalent modern and ancient degrees 
is given, first from 10° to 10° or 9° to 9°; then for centesimal 
minutes up to 10° (computed for the sake of verification); next for 
each tenth decimal second up to the same limit; and, lastly, for 


each hundredth part of a second up to ten seconds. By this table 


the conversion of ancient into modern or of modern into ancient 
degrees is easily effected. 

Similar tables for the conversion of ancient and decimal time are 
exhibited. | 

In the reduction of astronomical observations we have very often 
to exchange solar and sidereal time. In 1868 the writer published 
Time Conversion Tables for each tenth second of the whole day. 
The counterpart to these is herewith presented ; it is continued from 
day to day up to 1000 days; and this suffices for minutes, seconds, 
and fractions by simple transposition. 

Lastly, there is appended a Traverse Table, for plain and mean 
latitude sailing, for each of the 400 degrees of azimuth and for dis- 
tances up to 100. 

These form at least a beginning in the collection of requisite 
decimal tables. That which is first wanted beyond them is the 
canon of logarithmic sines. The preparation of this canon would 
be greatly facilitated by the extension of the fifteen-place logarithms _ 
up to the whole million—that is, for all six-figure numbers. Those 
of them already prepared need the aid of the auxiliary multipliers 
2 and 3; had they been carried to the half million, the auxiliary 2 
would have sufficed. 

In conclusion, it may be remarked that five and seven place 
tables are exact enough for almost all business purposes ; but that, — 
in order to have these true to the last figure, the original calculations 
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must be carried several steps beyond ; also, that while it is easy to 
abridge the lengthy results, it is impossible to extend those which 
have proved too short; then the work must be re-done from the 
beginning. Hence the great advantage already experienced in this: 
that Brige’s computations to fourteen places served for the prepara- 
tion of Vlacq’s ten-place table, and that again for those in common 
use, of seven and of five places, 


An Electro-Magnetic Declinometer. By A. Tanakadatt, 
Assistant to the Professor of Physics in the University 
of Tokio, Japan. Communicated by Prof. J. A. Ewing, 
University College, Dundee. 


The terrestrial magnetic field will in general be disturbed in the 
neighbourhood of an electric circuit; but if the circuit be a plane 
set at right angles to the terrestrial lines of force, the direction of 
the field will remain unchanged at all points in the plane of the 
circuit. To determine the magnetic meridian, we have only to 
place a plane circuit in such a direction that, when a current in the > 
circuit is started and stopped, no change takes place in the position — 
of a small magnet hung at a point in the plane of the circuit, and 
free to turn in azimuth. The plane of the circuit will then lie 
magnetically east and west. , 

The following method of laying down the magnetic meridian on, 
say, a laboratory table, will be found very convenient and accurate 
in practice :— 

A light rectangular wooden frame is made, about 1 meter long, 
15 cm. high, and 3 cm. wide, and its outer surface is recessed 
slightly, except at the edges, to receive 200 turns of fine insulated 
wire, which are wound regularly round the frame. Both ends of 
the coil are led off from the same point, and close together, in 
order to limit the electro-magnetic influence of the circuit to the 
portion wound on the frame. The circuit is completed at a con- 
_ siderable distance from the frame through a battery, reversing key, 
and box of resistance coils, 

A small magnetometer, consisting of the mirror (with attached 
magnets) of a Thomson’s dead-beat galvanometer, hung in a wood 
and glass case by a silk fibre 5 cm. long, is placed in the centre of 
this frame, resting upon a little shelf which projects into the middle 
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of the frame from an outside stand, so that the frame can be moved 
round or taken out of its place without disturbing the magncto- 
meter. The displacement of the mirror is observed, as usual, by 
the motion of the reflected image of an illuminated slit or wire. 
The whole is shown in fig. 1. | 

To determine the magnetic meridian— 

1. Place the frame in a vertical plane, with the magnetometer at. 
its centre, and its length approximately at right moe to the 
magnetic meridian, | 

2. Observe the position of the reflected image on the magneto- 
meter scale before closing the circuit. 

3. Make the circuit so that the field due to it has the same sign 
as the terrestrial field. The image will in general be displaced, 
and its movements will be quickened on account of the increase of 
directive force. Turn the frame until the image comes back to its 
original position. 

4, Reverse the current; unless the adjustment in operation 3 
has been correct, the image will again be displaced. The current 
is to be regulated (by the resistance coil) to prevent the equilibrium 
from being unstable or too nearly neutral. Turn the frame, if need 
be, until the image comes to its original position. Now draw a 
line on the table, using one edge of the frame as a straight-edge, or 
in some other way note its position. 

5. Break the current ; remove the frame and replace it inverted, 
and with its former east end now pointing west. Repeat operations 
1 to 4 in this position, and take for the magnetic E-W the 
mean of the two directions so determined. 

If the edges of the frame are not strictly at right angles to the 


lines of force at its centre, but are inclined at an angle of 5 5+ a to 


them, the two determinations will differ by 2a, and their mean will 
be independent of a, provided the edges of the frame are strictly 
parallel, and the magnetic declination is constant during the 
operation. 

Experiments with the above iin have shown that the error 
due to any small excentricity on the part of the magnetometer is 
inappreciable. The magnetometer was purposely placed 2 mm. 
‘away from the centre towards different quarters, but no sensible 
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difference in the determined directions of the meridian was ob- 
served, 

A much more elaborate instrument, based on the same principle, 

has been constructed for the accurate measurement of magnetic 
- declination. In it the coil is wound in two parts on a bronze frame 
(the form of which will be described below), of much smaller size 
than in the simple laboratory apparatus already described. The 
frame has hollow pivots, and is mounted on the Y’s of an altazi- 
muth instrument. Fig. 2 is taken from a photograph of the instru- 
ment. The pivots are madé as nearly as possible of the same size 
as those of the telescope which belongs to the instrument, and the 
total weight of the frame nearly equals that of the telescope. 

A light mirror magnetometer stands between the two parts of the 
coil in the centre of the instrument, and is supported by an inde- 
pendent tripod, as in fig. 2, or by a central pillar fixed to the base. 
At the middle of two sides of the frame narrow slits, a a, are pro- 
vided, through which the edge of the magnetometer mirror is to be 
sighted to bring it to a central position. It is centred with respect 
to the other horizontal and the vertical direction by sighting the 
face of the mirror through one of the hollow pivots, and making the 
clearance equal all round. | 

The magnetometer is shown separately in fig. 3, The mirror 
with attached magnets is suspended by a single silk-fibre 40 cm. 
long. The upper end of the fibre is tied round the middle ofa — 
small rod of horn, whose weight is nearly equal to that of the 
mirror and magnets. This rod rests on two small V hooks pro- 
jecting down from the top of the magnetometer case. The hooks — 
are united at the top, and can be turned or lowered by loosening a 
jam-nut. At the lower part of the magnetometer case a thin lens 
is fixed in front of the mirror. A little way above the mirror, a 
catch, consisting of a pair of inverted hooks, is fixed in the case, so 
that when the magnetometer is turned upside down, the mirror 
will be held by the catch, and the horn rod will hang free. 
This rod is then allowed to turn under the torsion of the fibre — 
until that is completely removed. The V hooks are turned into 
the same azimuth as the hanging rod, and the magnetometer is 
then inverted, that-is to say, restored to its normal position. It 
now hangs free, and without sensible initial torsion. It is next 
VOL. XII. 2N 
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to be placed in the centre of the coil (the coil being roughly in 
the magnetic E-W plane), and its position adjusted. 


Fig. 2. 


The method of observation is the same as in the previous case. 
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In inverting the coil, it is lifted from the Y’s and raised vertically, 
care being taken not to touch the magnetometer case. 


Fig. 3. 


The two determined positions of the axis of the Y’s, corresponding 
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to the original and inverted positions of the coil, are to be read on 

the azimuth circle. 

To determine the astronomical meridian, the coil and the magneto- 
meter are to be removed without displacing the base, and the tele- 
scope mounted. Any of the usual methods of observation can then 
be applied. 

An alternative construction is to attach directly to the telescope 
a frame for the coil. This requires that the tube of the telescope 
be perforated in its middle to let in the magnetometer. The in- 
strument becomes somewhat clumsy, but it has the advantage of 
allowing the same pivots to be used in both the magnetic and 
astronomical observations. 

The — of the apparatus (in either its simple or more 
elaborate form) may be investigated as fol- 
lows :— 
ed Let H be the horizontal component of the 
terrestrial field. 

Let F be the field due to the coil alone. 

Let 6 be the angle between F and H. 

Let 6 be the angle between H and R, the 
resultant of H and F. This will be 
the angle through which the magneto- 
meter is deflected when the current is 
made, and 


+Fsin6 
+ Feos6+H’ 


tan 6= 


F having a+or-—sign, accor es as its direction is the same or 
cpposite to that of H. 

Since 6 and @ are small, 

2F+H aH, 

from which we see that 6, the deflection of the mirror due to any 
assigned error in the position of the coil, can be greatly magnified 
by making F a little less than and of opposite sign to H. 

This magnification can be roughly measured by turning the frame 
through a known angle from its determined position, and observing 
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the displacement of the image when the current is made. There is 
no difficulty in detecting an error of 1” in the position of the coil 
by the motion of the reflected image. Evidently this magnification 
must not be carried so far as to make the initial torsion of the fibre 
seriously comparable with the magnetic couple. The plan described 
above of depriving the fibre of initial torsion was introduced for 
this reason. | 

If the displacement of the mirror be observed with a sufficient 
degree of optical magnification, the process of giving sensibility by 
reversing F may be dispensed with, When F=H, 8 becomes 30, | 
and the angular displacement of the reflected ray is equal to the 
error in position of the fame. | 

The form of frame (with two parallel coils) shown in fig. 2 has 
been chosen in order to minimise the error produced by excentricity 


on the part of the magnetometer. The proportions of the frame 
have been calculated as follows :— 


Let a =} length of the frame. 
» b=fheight ,, 
5» ¢,=distance of the nearer face of each coil from the centre. 
»» C)= distance of the further face of each coil from the centre. 


Suppose the coil be set with the plane of ab perpendicular to the 
magnetic meridian. Take the centre of the frame as origin of co- 
ordinates, 

As we are only concerned with the direction in azimuth, we shall 
consider excentricity in the horizontal plane only. From the sym- 
metry of figure there will be no error, so far as direction is con- 
cerned, when the centre of the magnet is on either axis NS or EW 
(see next figure). : | 

Let the centre of the magnet be at a point (8a, 5c) from the 
origin. The angle which the lines of force at (8a, 8c) make with 
the axis of NS will be the error due to excentricity. Call this angle 
then, 
force in direction WE 


tane= force in direction NS ’ 
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When is small, 
To find F,, which is s the deviating force on the magnetometer— 
Let ABCDA'B'C’'D' be a horizontal projection of the frame; and 
let the centre of the magnetometer be excentrically placed at the 
point (8a, 8c). 
By supposing the frame to be divided into two parts by a vertical 
plane, ded’c’ (where Ad = 28a = A’d’), and imagining pairs of equal and 
opposite currents to flow in this plane up and down, we may resolve 
the circuit into two pairs of coils, deCD, d’c'C’D’, and ABed, A'B'e'c’. 


om 


> 


S 
5. 

The former pair, being symmetrically placed with respect to the 
assumed position of the magnetometer, wil] give no deviating force ; 
and in finding F, we have only to consider the remaining pair, 
namely, ABcd, A’B’c'd’. Again, suppose two vertical planes, EF 
and E’F’, to be drawn parallel to the planes of the coils, making 
EB=%8*=E'B’. In this way the remaining pair is again divided 
into two pairs, AEFd, A’ E’F’d’, and EBcF, E’B'c'F’; of these 
the former, being placed symmetrically with regard to the mag- 
netometer, will give no deviating force. 

We are thus left with a pair of narrow magnetic shells EBcF id 
E'B’c'F’, the breadth of each shell being 26a, height 28, and thickness 


* [Evidently this should be 25c, not 8c. The mistake, which I have noticed 
only in reading the proof, does not affect the accuracy of Mr Tanakadaté’s con- 
clusions as to the proper proportions of the coils; and the equations which 
follow, as well as the numerical values given in fig. 8, need not be‘altered, if we 


assume the excentricity of the magnetometer in the direction NS to be 48c 
instead of 8 as in the text.—J. A. E.]. 
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dc.* Since 28a and dc* are supposed to be small compared with 
the height 2b, these shells may be treated as electromagnetic strzps. 
The two strips we are considering, being on opposite sides of the 
origin, will produce deviating forces with opposite signs. Hence if 
the numerical magnitudes of the forces they cause are equal, they 
will produce no deviating effect on the magnetometer. 
Now it is evident, if such a magnetic strip be placed due east or 


N. 


S. 


Fig. 6. 
due west of the magnetometer with its plane at right angles to the 
magnetic meridian, the deviating force due to it will be zero. But 
if its position be changed along the magnetic meridian, without any 
rotation, the deviating force will increase, pass a maximum, and 
again become insensible when the strip is carried to a very great 
* See note,"p. 552. 


} 
| 
| 
‘ 


554 Proceedings of the Royal Society 


distance. If the strip be moved in the opposite direction, the same 
thing will happen with the opposite sign. Hence if we make the 
frame on which the coils are wound such that the values of the 
deviating forces due to the two strips EBcF and E’B’cF’ are 
numerically equal, the former being on the nearer side of the 
‘positive maximum and the latter on the further side of the negative 
maximum, the deviating force on the magnetometer will be insensible. 
This is illustrated by fig. 6, where the curve shows the deviating 
force caused by a strip in various positions along the line NS. 

To find the action of each magnetic strip— 

Let NS in the annexed figure represent the magnetic meridian. 
Let the centre of the magnetic strip be on the line ns, parallel to 
N§,and let the magnetometer be placed at m. From the preced- 
ing figure it will be evident that the breadth of the strip is 26a, its 
thickness 8c, its length 26, and the distance of its centre from NS 


is a. Further, let c be 
the distance of its centre 
from WE, and 7 the dis- 

tance from m. 
To find the force in the 
E direction of a, which is 
the deviating force, we 
have to find the solid 
angle w subtended by 
the area of the strip at 
the point m ; , differentiate it with respect to a; multiply the result — 
by indc, where 7 is the strength of the current, and m the number 

of turns of wire per unit of length. 

Since the strip is supposed to be very narrow, we can, without 


N 


. sensible error, project the area perpendicular to the direction of 7, 


and take w subtended by this projected area in finding the potential 
at the point m due to the strip. To do this we have only to find 
the solid angle subtended by a rectangle whose height is 2b and 


breadth 28a namely, 
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Hence, neglecting terms involving (6a)’, the potential 


b+ 73 
dV _av dr 
“da dr du 
Lindon abe(31? + 2b?) 


rA(b2 4 
or 


4abe(3u" + 20? + 3c’) . 
(a? + c?)?(a? + b? + 
This result can also be arrived at by finding the solid angle sub- 
tended by the whole rectangle 2a, 26 at the point m. Multiplying 
- this by inde we have the potential due to the whole shell 2a, 28, &c, 
and differentiating with respect to a we obtain the force at m in the 
direction of a: this will evidently be zero. But differentiating this 
again with respect to a, and multiplying the result by 5a, we obtain 


for the action of the magnetic strip a value which agrees with the 
above result. 

4abe(3a? + 2b? + 3c?) 
(a? + c)?(a? + +c”)! 
to c to find the maximum value of the deviating force, we obtain an 
equation which is cubic with respect to c?, from which it can be 
proved that the maximum value of the coefficient lies between 


Differentiating the coefficient 


with respect 


c=— and c= for all real values of b. 


In fig. 8, the values of the above coefficient for various values of 
¢ are represented in curves, the length being expressed in centi- 
meters. 

Curve I gives the values of the coefficient when a=10 and 
b = 5b (that is when the strip is indefinitely short). In this case, 

12ac 
The curve may be interpreted as a diagram representing the deviat- 
ing force exerted by a magnetic particle, whose moment is 4 (in 
(. G. 8. units) upon a unit magnetic pole at m. 


Curve II is for the casea=10 b=2; 
Curve IIT __e,, a=10 b=3°; 
Curve IV __e,, a=10 b=0. 


moadbac . 


| 
| 
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This last may be interpreted as a diagram representing the deviating 
force due to an indefinitely long wire hung vertically and magnet- 
98 
27 


| | | | | 


26m 
25 

22 


21 


Values of in centimeters: 
Fig 8 
ised uniformly in a transverse direction parallel to c, its magnetic 
moment per unit length being 2 in C. G. S. units. In this case 


| 
/ \ | 
/ \ 
\ 
20 | | | 
17 | | 
16 
15 | 
| 
13 | | 
\ 
12 | | | 
\ 
10 oN | 
| \ 
/ J \ 
| / \ 
| 7 / \ 
5 | / / 
WA 


of Edinburgh, Session 1883-84. 557 


8ac , 
F, (a? + 


From the curves it is to be observed that the ordinates have 


E —— 


Fig. 9. | 
nearly equal values at c=10 and c=2 for curves I, I, and IIT. 


\N 
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Hence we find that the effect of any small excentricity will be a 
minimum with practically any value of b between 0 and 3, provided 
the coils are wound so that the ratio of a:c,:c,is 10:2:10. The 
frame actually used has the following dimensions:—a=9 cm., 
6=1.8cm.,c,=1.8 c,=9 cm. 

[Independently of the above calculation, the deviating effect of a 
magnetic strip was determined experimentally. Upon a rectangular 
plate of wood a coil of wire was wound so as practically to represent 
an electromagnetic strip, with the following dimensions :— 


Internal width of the strip = 0°37 cm. 
Internal height _,, 
External Width ., , = O07. .,, 
External height _,, 
Thickness 
Number of turns of wire = 49 


A strong uniform current was supplied by four large gravity cells. 
The strip stood upright on two round legs in a V groove which 
was placed along the magnetic meridian, and 30 cm. east of the 
magnetometer, which hung in a horizontal plane through the bottom 
of the strip. To increase the sensibility, the directive field was 
considerably weakened without change of direction by using a 
permanent magnet. The apparatus is shown in fig. 9. 

Calling @ the deflection of the magnetometer, 

N 


n 
| do 
tan 
dy 
with the usual notation. But since 
& is small compared with H, we 


may take the deviating force as 
nearly proportional to tan 6. Fig. 
11 gives the curve plotted from this 

Fig. 10. experiment. It will be seen that 
the fall after passing the maximum is rather rapid compared with 
that in curve III in fig. 8, which, allowing for change of scale, 


— 


§ 
Se 
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represents the same conditions as those of the experiment, probably 


| because of the neglected effect of =| 


With a frame constructed as described, the error due to any small 
excentric position of the magnetometer is insensible. Practically, 
however, there will be some difference of thickness in the front and 
rear coils due to imperfect workmanship. We shall make a liberal 
‘ allowance by supposing that one coil is broader than the other by 


0 12 18 2 27 BY 42 45 46 54 57 HU 
Value of c in centimeters. 
Fig. 11. 
1 mm. Also let the magnetometer be placed 1 mm. east or west of 
the centre of the frame. The value of the deviating force will then 
be the value of the ordinate at c= 10 in curve IL, fig. 8, multiplied 


by in x 0.1 x 0.1, which is 0.0042 x 0.01 x in =0.000042 in. This, 
| divided by F,, the force along the axis NS, will give the angle e 
(page 551). 


To find F, in the assumed conditions of excentricity :— 

Let w be the solid angle subtended at 2 by a thin shell whose 
thickness is 6¢, and 7 = the number of turns per unit length. Then, 
using the same notation as before, 
d¥ =indw. 

de 


” 


14. 
| 13 
10 | | / \ 
9 \ 
6 | 
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r infin 


= in[w, — wo] say. 


If we take both the front and rear coils this must be doubled, 
thus— 


= 8in($, — $2) say. 
Whena=10; b=2; ¢,=2; c,=10, 
— d, = 35°56’ or 0.627 radians. 


Bin 


Thus F, = 87% x 0.627 = 5.02in. 
F, 5.02¢n 
= 0.0000084 radians 


In practice there should be no difficulty in keeping 8a and 8c 


within $ mm., in which case the error will be limited to one quarter 
of the above. 


The paper has been kindly revised by Professor J. A. ‘Zee for 
whose instructions my obligations are manifold. 


[Note added August 1884.—In a letter of dated April 27, Mr 
Tanakadaté describes how, by the use of spider-thread instead of 
silk-fibre for the suspension of the magnetometer mirror and magnet, 
he has succeeded in reducing the error due to initial torsion to an 
altogether insignificant amount. He also suggests a method of 
optically magnifying the displacement of the mirror by hanging it 
in a chamber containing a liquid with a high index of refraction p. 
The front of the chamber is of glass, and the mirror hangs parallel 
to it. If y be the angle of incidence, on the outside of the face of 
the chamber, of the entering ray, then for any small angular dis- 
placement of the mirror the reflected ray, on leaving the chamber, 
will be turned through an angle which is 2 ,/(y?— 1) sec*y +1 times 
the angle turned through by the mirror. The reflected image will 
of course form a spectrum, but this is of no consequence when, as 
here, the method of observation is a nul method.—J. A. E. |. 
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4, On an Equation in Quaternion Differences. By Professor 
Tait. 
(Abstract.) 

When the sides of a closed polygon are bisected, and the points 
of bisection joined in order, a new polygon is formed. It has the 
same number of sides, and the same mean point of its corners, as _ 
the original polygon. In what cases is it similar to the original 
polygon? In what cases will two, three, or more successive opera. 
tions of this kind produce (for the first time) a polygon similar to 
the original one? 

Take the mean point as origin, and let g,a, goa, . . . dna, be the 
nm corners. Here ais any vector, which, if the be plane, 
may be taken in that plane; and q,,.. . q, are quaternions, which 
in the special case just mentioned are powers of one quaternion in 
the same plane. We obviously have, if Dg,= = Gets for the plane 
polygon, two conditions :—the first, 


(1+D+D?+....+D"")ga=0, 
depending on our choice of origin; and the second, 


1 
depending on the similarity of the m™ derived polygon to the 
original, In this last equation, Q is a scalar multiple of an unknown 
power of the quaternion of which the gs are powers, expressing how 
the original polygon must be turned in its own plane, and how its — 
linear dimensions must be altered, so that it may be superposed on the 
m* derived polygon. Alsos is an unknown integer, but it has (like 
Q) a definite value or values when the problem admits of solution. 
r has any value from 1 to inclusive, as may be seen at once by 
operating by any integral power of D, and remembering that we 
have necessarily | 
= 

The solution of this case is easily effected, and gives the well-known 
results :—the general solution involving all equilateral and equi- 
angular polygons, where m may have any integral value. Besides 
this, there are special solutions for the triangle, and quadrilateral 
reduced at one operation to a parallelogram. In the former of 
these m may have any value ; in the latter (unless the figure be a 
square) m must be even. 


| 
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But, when «thépolygon i is gauche, the second of above con- 


ditions becomes. 


and the is somewhat’ mor’ difficult. Tis interest consists in 
its feading to a new and curious question in quiaternions. 


5. On Vortex Motion. By F Professor Tait. 
(A bstract.) . 


bs This paper contained a discussion of the consequences of the 


assumption of continuity of motion throughout a perfect fluid ; one 
of the bases of von Helmholtz’s grand ‘investigation, on which 
W. Thomson founded his theory of vortex-atoms, It is entirely on 
the assumed absence of finite slip that’ von Helmholtz deduces the 


action of a rotating element on any other element of the fluid, and 
- that Thomson ,éalculates the action of one vortex-atom or part of | 


such an atom on another atom, or on the remainder of itself. The 
craation of a single vortex-atom, in the sense in which it is defined 
by Thomson, inVolves action applied. simultaneously to all parts of 


. the fluid mass, not to the rotating portion alone. 


Monday, 3rd March 1884. 


SIR WILLIAM THOMSON, F.RS., Vice-President, in 
the Chair. 


The Connell having awarded the Keith Prize for the Biennial 
Period 1881-83 to Mr.Thomas Muir, for his Researches into the 
Theory of Determinants and Continued Fractions, the most recent 
instalment of results obtained by him being in a Paper on “ Per- 
manent Symmetric Functions,” the Chairman presented the prize. _ 

Professor Chrystal, in explaining the grounds of the award, said 
—While it would be easy to give you an idea of the manner of 
man whom the Society has delighted to honour, I feel’ th§t the 


task imposed upon me by your Council of giving the members at | 


large some idea of the actual work for which the Keith. Prize has 

in this instance been awarded is a difficult one. 
Were the subject of my discourse a physicist, a geologist, or _ 

eyen a biologist, I might tell you of the mills that would be turned — 


by means of his discoveries, of the kinds of coal or of diamond to p 


~* 
- 
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be explored under his leadership, or I might take your fancy a 
promenade on that ‘most fascinating new pleasure-ground of . 


naturalists, the bottom of the sea. ad 


But, in the case of a pure mathematician’s work’ there ih, to use 
the words of one of ‘the greatest living cultivators of the analy$ic 
art, no such appeal to the: immediate Utilitarianism so dear to the © 
Philistine soul. If, however, the public to whom I can appeal is 
‘small, I feel that, their judgment is sure; and, when I have 
reminded those who represent that public here, of the succession of , 
papers which Mr Muir has contributed to our Zvransactions, and 
Proceedings, I am contident that they will sanction with an 
emphatic approval the decision of the Council of the Royal Society 
_ to confer upon him the Keith Prize. 

One of the most interesting branches of analysis is the theory 
of Continued Fractions. The subject has a double interest, because 
- it is connected on the one hand with thatwmost pure of all the 
branches of pure mathematics, I mean the theory of numbers, a 
sanctuary into which the profane foot of even the applied mathe- 
matician scarcely enters; and, on the other, with the theory of 
forms, for I need scarcely remind my mathematical hearers that the 


algorithms of the greatest common measure and of the calculation 
of the convergent to a continued fraction are formally identical ; - 


and that this algorithm is also that by which Sturm deduced the 
functions which bear his name, and which play so important a part 
in the theory of equation. 

Mr Muir has pursued the theory of continued fractions, and has 
obtained some very important results in both -its branches. 

In the first paper of the series for which the Keith Prize is now 
awarded him, published in the twenty-seventh volume of our 
_ Transactions, he gives a perfectly general solution of the problem 


of transforming an infinite series into a continued fraction. Special. 


cases of: this transformation were known before, but no one had 


e been able to assign the general form of the expression until Mr 


Muir successfully attacked the problem. 

His setond~paper, in volume xxvii. of the Transaetions, is to my 
‘mind the most noteworthy of the various pieces of work now under 
-yeview. - He there takes up a number of remarkable transformations 


of variéus series into the form of continued fractions, which were* 


VOL, XII. 20 
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given by the great but prematurely removed mathematician 
Eisenstein. These results of Eisenstein’s were left by him almost 
entirely without demonstration, and their connection among them- 
selves or with other known theorems was very obscurely indicated. 
So much was this the case, that several mathematicians had endea- 
voured unsuccessfully to prove the truth or falsity of the results. 
Mr Muir, guided mainly by the general ideas gained in the 
research just mentioned, takes up these theorems of Eisenstein’s, 
and succeeds with apparent ease in not only proving them, but in 
showing their relation to each other and to other known results, 
There is yet another of Mr Muir’s papers on the subject of con- 
tinued fractions which deserves especial mention at this moment. 
I allude to his paper on Continuants, in the eighth volume of the 
Society’s Proceedings. Passing over the remarkable general 
_ theorems regarding the special form of determinants called continu- 
ants, I would especially direct your attention to the remarkable 
theorems there arrived at regarding the expression of quadratic surds 
by means of continued fractions. Mr Muir finds a general expres- 
sion for any integer whose square root is expressible by means of a 
continued fraction having unit numerators and a given recurring 


cycle of denominators. And he finds the general condition, that. 


any given periodic fraction may represent a quadratic surd. 

- Another branch of analysis in which Mr Muir has equally distin- 
suished himself is the theory of Determinants, which I may call 
the chief handmaiden of the theory of algebraic forms. In this 
subject Mr Muir may be classed as a worthy follower of our great 
countrymen, Sylvester and Cayley. I need only allude at present 
to three of the papers on this subject. The papers in volumes 
xxix. and xxx. of the Transactions contain two most valuable 
generalisations in this theory, viz., Mr Muir’s Extension of Lap- 
lace’s Law, and his Theorem of Extensible Minors. These results 


are characteristic of Mr Muir's work, the constant tendency of | 


which is the attainment of that higher kind of simplicity which 
results from greater generalisation. 

Concerning the last paper of the series boi, I am glad to see by 
the evidence of the billet for to-night, the last from Mr Muir to the 
Society), On a Class of Permanent Symmetric Functions, I have 
aimply to say, that in it, by the evolution of a few simple general 


a 
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theorems, Mr Muir succeeds in drawing together into a compact 
whole a series of highly interesting but hitherto isolated results. 


The Council having awarded the M akdougall-Brisbane Prize for 
the period 1880-82 to Professor James Geikie, for his contribu- 
tions to the Geology of the North-West of Europe, including his 
Paper on the Geology of the Farées, published in the Transactions 
of the Society, 1880-81, the Chairman presented the prize. 

Lord Maclaren, in explaining the grounds of the award, said 


-' —The Council has awarded the Makdougall-Brisbane Prize to 


Professor James Geikie for his contributions to the geology of the 
north-west of Europe, including his paper on the “ Geology of the © 
Faroes,” published in the Transactions of this Society. 

The Society does not need to be informed of Professor Geikie’s 
contributions to geological literature, because—like the great geolo- 
gists of the Scottish school—our professor is able to invest his — 
scientific writings with the charm of a flowing and picturesque 
literary style, and his works descriptive of the Great Ice Age and | 
of the later Prehistoric Period, when man appears upon the scene in 
the company of the. mammoth and cave-bear, have been perhaps as 
widely read as those of his distinguished compatriots Charles Lyell, 
Hugh Miller, and Roderick Murchison. | 

But it is not only for their descriptive merits that the writings 
of our prizeman-elect claim our recognition. In his first and per- 
haps most important work, Professor Geikie proposed to himself the — 
task of exhibiting the causes of that most remarkable and indubit- 
able phenomenon, the existence of continuous traces of ice-action 
throughout an area which extends laterally over all the elevated land 
of the north-west of Europe, and vertically from the highest moun- 
tain peaks to the water lines of our European shores and valleys. 

I will not undertake to say whether the bold conception of an 
ice-cap or ice-river stretching from the Arctic Circle to the alluvial 
plains of ‘England and Germany originated in the mind of our 
distinguished friend, or whether it was suggested by the discoveries 
in connection with the ice-cap of another planet whose polar surface 
is said to be already better known to science than that of our own 
world. But whether the idea of a northern ice-cap was or was not 
in the air, to Professor Geikie belongs the merit of having subjected 
that idea to the test of a rigorous scientific examination, and of hav- 
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ing collected and marshalled a most imposing array of facts and 
logical deductiens in support of his theory. I do not need to 
remind the Society of the confirmation which his views have 
received from the results of the expedition of last summer to the 
interior of Greenland, which are the more remarkable that Baron 
Nordensjéld went to Greenland in the design of disproving the 
existence of a continental ice-cap in that region, and returned con- 
vinced of its existence by the evidence of his own eyes and the 
reports of his explorers. | 
Professor Geikie, I suppose, has not penetrated so far north, but 
we know that he has qualified himself for the exposition of the 
history of the Glacial Age by a careful study of all its phenomena, 
not only in Scotland, for which his connection with the Geological 
Survey offered peculiar facilities, but also on the Continent of 
Europe, and among the islands of the North Atlantic. Of these 
studies his published works, as well as his contributions to the 
transactions of scientific societies, offer ample evidence. His latest 
contribution is the paper on the Faroes, which appears in the 
Transactions of this Society. In estimating the importance of that 
paper, it may be remarked that the geological interest of a country 
or group of islands, is not to be measured by their political and 
commercial importance. In this paper we find evidence that the 
_Faroes have been covered by an ice-cap or mer de glace of 1400 feet 
in thickness, entirely local in its origin. The fact that ice has 
accumulated to so great a height in this. relatively small area, makes 
the geological evidence applicable to the greater and more elevated 
ice-masses of the continent more significant, and perhaps more easy 
of reception and comprehension. I have no doubt the Society will 
approve of the nomination of Professor Geikie by the Council for 
the Makdougall-Brisbane Prize. 


The Council having awarded the Neill Prize for the Triennial 
Period 1880-83 to Professor Herdman, for his Papers in the Pro- 
ceedings and Transactions on the Tunicata— — 

Mr John Murray, in explaining the grounds of the award, said 
—Professor Herdman’s principal papers on the Tunicata may be 
divided into two groups,— Ist, those on British Ascidians, and 
2nd, those on the collections made during the “ Challenger” ex- 
pedition. 


wid 
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In his first paper,* “‘ Notes on British Tunicata,” published in 
1880, a suggestion is made as to the cause of the peculiar relations 
of the viscera in the genera Ascidia, Ciona, and Corella. Six new 
Species are described, and several old ones are fully described for the 
first time, and their synonymy cleared up. In subsequent papers + 
on British Ascidians, various other species are described, and he deals — 
with individual variations in the Tunicata, traces changes in the 
branchial sac of Styela grossularia, showing the folds becoming 
obsolete and almost disappearing,t discusses the variations of the 
dorsal tubercle withiu the limits of species, and tries to show how 
the various forms are connected.§ | 

In the last number of the Zvansactions there is a paper on the 
“Tunicata of the Faroe Channel,” in which the anatomy and 
histology of Doliolum is treated in great detail. 

The valuable collections made by the “Challenger” Expedition 
were placed in Professor Herdman’s hands for examination and 
description, and the preliminary notices of these were published in 
the Proceedings of this Society. In the first part of the final 
Memoir published in the ‘“‘ Challenger” series of Repurts, nine new 
genera and seventy-four new species are described. | 

If we except the Molgulide, which Lacaze-Duthiers discussed in 
1877, Professof Herdman was the first to fully define the families 
and sub-families of the Ascidie Simplices. | 

The anatomy and histology of the new and more remarkable 
deep-sea forms are described in great detail, the description of 
Culeolus murrayt being probably the most minute and detailed 
description of an Ascidian that has ever been published. 

In this memoir some remarkable structures are for the first time 
pointed out,—Ist, a system of branched calcareous spicules in the 
vessels of the branchial sac and endostyle ; 2nd, a curious modifica- 
tion of the blood-vessels in the test, which probably converts the - 
outer layer of the latter into a respiratory organ. The family 
Clavelinide is removed from the compound to the simple Ascidians, 
and reasons are given for this change in classification, and the Report 
concludes with a phylogenetic table. | | 


* Journ. Linn. Soc. Zool., vol. xv. p. 274. 
+ Ibid., p. 329. t Proc. Lit. and Phil, Soc., Liverpool. 
§ Proc. Roy. Phys. Soc., Edinburgh. | 
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In 1881 Julin and E. van Beneden proposed the homology of the 
neural gland in the Tunicata with the vertebrate pituitary body. 
Professor Herdman has suggested a modified theory—that the neural 
gland, its duct, and the dorsal tubercle (and therefore also the 
original pituitary body) were formed by the conjunction of a 
primitive renal organ and a sense organ. | 

Some of Professor Herdman’s views have been subjected to con- 
‘siderable criticism by continental biologists, but it is universally 
acknowledged that his remarkable series of papers on the Tunicata 
are characterised by great ability, and the Council have accordingly 
adjudged +o Professor Herdman for these papers the Neill Medal. 


The following Communications were read :— 


1. On Efficiency of Clothing for maintaining Temperature. 
By Sir W. Thomson. 


2. On the Law of Inertia; the Principle of Chronometry ; 
and the Principle of Absolute Clinural Rest, and of 
Absolute Rotation. By Professor James Thomson, 
LL.D., DSc., 


There is no distinction known to men among states of existence 
of a body which can give reason for any one state being regarded as 
a state of absolute rest in space, and any other being regarded as a 
state of uniform rectilinear motion. Men have no means of know- 
ing, nor even of imagining, any one length rather than any other, 
as being the distance between the place occupied by the centre of a 
ball at’ present, and the place that was occupied by that centre at 
any past instant; nor of knowing or imagining any one direction, 
rather than any other, as being the direction of the straight line 
from the former place to the new place, if the ball is supposed to 
have been moving in space. The point of space that was occupied 
by the centre of the ball at any specified past moment is utterly lost 
to us as soon as that moment is past, or as soon as the centre has 
moved out of that point, having left no trace recognisable by us of 
its past place in the universe of space. 

There is then an essential difficulty as to our forming a distinet 


: 


of Edinburgh, Session 1883-84. 569 


conception either of rest or of rectilinear motion through unmarked 
space, | 
We have besides no preliminary knowledge of any principle of 
chronometry, and for this additional reason we are under an essential 
preliminary difficulty as to attaching any clear meaning to the words 
uniform rectilinear motion as commonly employed, the uniformity 
being that of equality of spaces passed over in equal times. 

If two halls are altering their distance apart, we cannot suppose 
that they are both at rest. One, at least, must be in motion __ 

Men have very good means of knowing in some cases, and of 
imagining in other cases, the distance between the points of space 
- simultaneously occupied by the centres of two balls; if, at least, we 
be content to waive the difficulty as to imperfection of our means of 
ascertaining or specifying, or clearly idealising, simultaneity at 
distant places. For this we do commonly use signals by sound, by 
light, by electricity, by connecting wires’ or bars, and by various 
other means. The time required in the transmission of the signal 
involves an imperfection in human powers of ascertaining simul- 
taneity of occurrences in distant places. It seems, however, pro- 
bably not to involve any difficulty of idealising or imagining the 
existence of simultaneity. Probably it may not be felt to involve 
any difficulty comparable to that of attempting to form a distinct 
notion of identity of place at successive times in unmarked space. 


There is, in the nature of things, a real distinction, cognisable by | 


men, between absolute rotation (or absolute clinural motion) and 
absolute freedom from rotation (or absolute clinural rest).* 

The only motion of a point that men can know of or can deal 
with is motion relative to one, two, three, or more other points. 
Three points marked or indicated on one, two, or three bodies, the 
centres, for instance, of three: balls, whether preserving their dis- 
tances apart, unchanging or not, are sufficient for enabling us to 
construct or to imagine a reference frame of any changeless configu- 
ration desired—three rectangular co-ordinate axes, for instance, or 


* The word clinwral is to be understood as introduced for conveying pre- 
cisely one out of the various conflicting meanings of the word directional. All 
straight lines which are mutually parallel are, in this amended mode of nomen- 
clature, said to be in one same clinure. In connection with this, it may be 
convenient here to mention that all parallel planes are, in like manner, said 
to be in one same posure. | 
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three rectangular co-ordinate planes—to which the situations, in- 
stantaneous or successive, of points may be referred. 

Any arrangement whatever of points, lines, or planes, changeless 
in mutual configuration, will, for present purposes, be named as a 
reference frame, or briefly as a frame. : 

The word motion, in ordinary usages, has several varied signi- 
ficances, 

1. Thus it is often said that a body, or rather some specified point 
of it, has performed a motion from a point A to a point B, along a 
straight or curved line of motion AMB. It may be often said 
that this same motion has been effected slowly on one occasion 
and quickly on another, speed or velocity of the moving point not | 
being treated as any essential quality or condition of the motion. 


M 


2. Again, it is often said that a point, moving along a curve 
GABH, has a certain motion at the instant of its passing A, and 
that its motion undergoes change during the passage from A to B, 
and that at B it has a motion changed from that which it had at A. 
In this sense the motion at A is regarded as determined by the line 
of motion specified as being the tangent to the curve at A, and the 


C 


ward, or way, of the motion along its line at the point of contact A, 
and the velocity of the motion at that point. The velocity of the 
motion is usually understood as meaning a true time rate of motion 
—a rate which may be specified, for instance, as being that of so 
many feet per second, or the like. For this ordinary mode of 
specifying that which is to be called velocity, it is necessary that 
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true chronometry should have been previously attained to, in idea 
at least, and approximately in fact. | | 
Sometimes it is found convenient to apply, temporarily at least, 
the name velocity (for want of any other name) to the rate of travel 
of a point along a line as referred to the progress of something else 
moving relatively to a frame or to a dial. Thus, for a point moving 
along a line, the motion at any point of the path may sometimes be — 
said to have a velocity of so many feet per unit of angular space 
turned by the crank shaft of a steam engine relatively to the 
framing of the steam engine. What is thus specified might be 
called a quasi-velocity, not a true velocity, as it is customary to 
regard true velocity as being referred not to the revolution of a 
steam engine shaft, nor to the revolution of a hand of a badly-going 
clock, but to the progress of absolutely true time when once the idea — 
of progress of true time has been arrived at. 
- Before arriving at any principle of absolute chronometry, how- 
ever, we cannot deal with true velocity at all. We cannot specify a 
rate of progress of any moving point relatively to progress of true 
time, or relatively to progress of a clock hand on its dial advancing 
proportionally to progress of true time. ut, without assuming or 
presupposing any principle of absolute chronometry, we can refer 
motions of points to an assumed reference frame, jointly with an 
assumed dial-traveller. The dial-traveller may conveniently be 
imagined as a clock hand or index travelling continuously along a 
graduated dial, such as the face of a clock, but without the adapta- 
tion of any pendulum or balance wheel, or other chronometric 
arrangement for regulating the motion of the hand. The traveller, for 
instance, might be kept moving round its dial by a winch handle, 
such as that of a grindstone, or of a barrel organ, turned by hand. Or 
it might be an index projecting out radially from the crank shaft of a 
steam engine, and revolving round a dial fixed to the adjacent frame- 
work of the engine, so as to surround the shaft. Or the traveller might 
be an index kept revolving by the shaft of a water wheel, with a 
‘motion depending on variable conditions of rain-fall and stream-flow. 
For purely kinematic considerations as to relative motions of 
points or bodies we have no essential concern with true time, nor 
with true velocities, understood as velocities of motions relative to a 
frame, and specified quantitatively as true time rates. 


+ 
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Now, reverting to the essential difficulty already mentioned as to 
our forming a distinct conception either of rest or of uniform recti- 
linear motion, we may go forward to some further considerations and 
-scrutinies as to what men can imagine or can really know through 
observation and experience respecting motions of bodies in the 
universe of space. 

We may have a firm persuasion, even without perfect understand- 
ing, that in the nature of things there must be a reality correspond- 
ing to our glimmering idea of motion of a body along a straight 
course with changeless velocity, and that there must be an essential 
distinction between such motion and motion along a curved course 
or motion with varying velocity. We cannot, however, specify 
such motions relatively to unmarked space and unmeasured passage 
of time. We cannot specify them as to any condition of absolute 
rest. We can only specify them as to part of their characters, or 
conditions, or distinctions. We can do so only in so far as quali- 
ties or distinctions of motions of one or more bodies can be ascer- 
tained through knowable relations between these motions and the 
motions of one or more other bodies. Briefly, we can deal only 
with relative motions or relative rest ; not with ahsolute motions nor 
absolute rest. | 

Sir Isaac Newton sets forth, under the designation of the First 
Law or Motion, the statement that—LEvery body continues in its 
state of resting or of moving uniformly in a straight course, except in 
so much as, by applied forces, it is compelled: ta change that state. — 

A most important truth in the nature of things, perceived with 
more or less clearness, is at the root of this enunciation, but the 
words, whether taken by themselves or in connection with Newton’s 
prefatory and accompanying definitions and illustrations, are inade- 
quate to give expression to that great natura} truth. In attempting 
to draw from the statement a perfectly intelligible conception, we 
find ourselves confronted with the preliminary difficulty or im- 
possibility as to forming any perfectly distinct notion of a meaning 
in respect to a single body, for the phrase “ state of resting or of 
moving uniformly ina straight course.” Newton's previous assertion 
that there exists absolute space which, in its own nature, without 
reference to anything else, always remains alike and immovable, does 
not clear away the difficulty. It does not do so, because it involves 


. 
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in itself the whole difficulty of our inability to form a distinct 
notion of identical points or places in unmarked space at successive 
times, or of our inability to conceive any means whatever of recog- 
nising afterwards in any one point of space, rather than in any 
other, the point of space which, at a particular moment of past time, 
was occupied by a specified point of a known body. 

To aid in the apprehension of the underlying truth referred to, 


and also as an aid to the understanding of the enunciation about to 


be given in the present paper as The Law of Inertia and’ Principle 
of Chronometry, some purely kinematic principles will now be 
adduced for consideration. Thus the question is to be opened up 
as to what may be the nature of relative motions of various bodies, 
which can in any sense truly be regarded as uniform rectilinear 
mutual motions, Explanations are to be given on such motions of 
points in unmarked space, as can have a reference frame and 
reference dial-traveller relatively to which jointly those motions are 
rectilineanar and are uniform in the sense of being changeless in 
quasi-velocity. In other words, quite to the same etfect—Explana- 
tions are to be given on such motions of points in unmarked space as 
can have a reference frame relatively to which those motions are 
rectilinear and are changeless in mutual rate; or what is the same, 
are mutually proportional in their simultaneous progress. 

Let us imagine a reference frame, rigid in its configuration, and - 
for simplicity let it be taken as including three rectangular reference 
planes firmly connected. Let several points or small bodies be 
kept moving by geared mechanism, such as that of toothed wheels 
on variously inclined axles, and toothed straight sliding racks with 
pinions, all carried or guided in bearings firmly attached to the 
reference frame, the arrangements being such that those moving 
points shall be made simultaneously to travel over mutually pro- 
portional lengths along straight lines fixed in relation to the 
reference frame. The motion may be given by a winch handle like 
that of a barrel organ, fixed on one of the axles; and, for help in 
consideration of the subject, we may imagine a uniformly graduated 
dial surrounding the winch handle axle, and an index attached to 
the axle so as to project radially outwards like a hand of a clock, 
and to travel round the dial keeping pace in angular motion with 
the winch handle. Thus the simultaneous travels of the various 
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small bodies along their straight courses are to be mutually propor- 
tional, and they are also to be proportional each of them to the 
simultaneous travel of the index on the dial. Now, if any other 
frame of three co-ordinate planes be arranged to exist with the 
point of their intersection keeping at any one of the moving points, 
and with the three planes maintaining changeless angles with the 
original three reference planes, any one of the moving points will 
either be at rest relatively to the new set of reference planes, or will 
- generate, in relation to them, a straight line, and the simultaneous 
lengths traversed by the various points relatively to these new 
reference planes will be mutually proportional. It is convenient 
to notice, in preparation for subsequent reference of motions to true 
time or to a truly chronometric clock, that the simultaneous lengths 
traversed by the various points relatively to the new reference 
planes, and of the winch handle index relatively to its dial, will be 
mutually proportional. We may thus see that for the established 
set of motions of the points, there can exist as many sets of 
reference planes or frames as we please, differently moving and 
differently inclined, in reference to each of which every one of the — 
points will generate a straight line with a quasi-velocity (or rate per 
dial-traveller progress) proportional to the quasi-velocity of every 
other along its own line. We are now perfectly entitled to speak 
of the motions of all these points as referred to any one of the 
frames and the original dial-traveller, as being uniform rectilinear 
motions. The word uniform, it should be noticed, has, neither in 
its origin nor in its customary employment, any essential connection 
with progress of time. The notion besides of the dial-traveller as a 
standard to which the simultaneous travels of the various points 
may conveniently be referred, or rated, is not at all essential. We 
would be quite entitled, without knowledge of chronometry, and 
without having recourse to the quasi-time indicated by the dial- 
traveller, to speak of the motions of all the points relatively to all 
the reference frames, as being uniform rectilinear motions, The 
uniformity in rate of progress would be in respect to rate of travel 
of any one of the points per simultaneous travel of any other one of 
them. In all that has been said in this matter no assumption has 
been made as to any particular condition of rest or motion having 
velonged to the original reference frame. It may have been firmly 


. 
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attached to the surface of the earth, or it may have been firmly 
attached to the floor and side walls of the cabin of a ship sailing in: 
devious courses over the sea and tossing on the waves. Notwith- 
standing any such motions, or any motions whatever, belonging to 
the original reference frame, the mutual motions of the points will 
possess the character that they admit of having reference frames, as 
many as we please, relative to which they will be rectilinear and 
mutually proportional (or, in other words, they will be uniform 
rectilinear motions, by mutual reference without reference to time). 
If the moving points alone were available to us for progressive 
observation or measurement it might be a difficult, perhaps an 
extremely difficult, geometrical or kinematical problem* to find 
from them a reference frame accomplishing the stated condition ; 
but this does not hinder us from easily and distinctly understanding 
that such a frame is geometrically or kinematically possible. On 
the other hand, for a set of points moving at random like flies in 
the air, or for a set of points having uniform rectilinear motion as 
already described, together with others revoiving like satellites 
round some of them, no reference frame to accomplish the condi- 
tions stated would be possible. For a single fly moving anyhow, 
reference frames would be possible, relative to any one of which the 
motion of the fly would be rectilinear, and would be uniform in 
rate of progress relatively to true time, or to any assumed standard 
whatever for rate of progress; but for two flies, or any greater 
number, no such frame would be possible. Reasons for this are so 
obvious as scarcely to require statement. Briefly, however, it may 
be mentioned that any two flies might in their mutual motions 
come into contact once and then separate, and then come into con- 
tact again; but no second meeting could occur with points moving 


* Postscript Note, May 1884.—On the evening of the reading of the paper 
(March 3, 1884), just after the close of the meeting of the Society, the author 
inquired of Professor Tait whether he could see how the problem referred to 
here in the paper as being perhaps extremely difficult, could be solved. Pro- 
fessor Tait replied that he could solve it very briefly by use of quaternions. 
The author, not being at all acquainted with quaternions, has since seen his 
way clearly to the solution by an easy method of mechanical adaptations. The 
mechanical method is merely for intellectual use, not for practical application. 
The ideal mechanism can serve as an instrument for use in reasoning, though 
friction, and elasticity of materials, &c., might render it incapable of complete 
practical realisation. 
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straightly and mutually proportionally in relation to any frame. 
whatever. Or the two flies might be increasing their distance 
apart and afterwards diminishing it ; but no approach after reces- 
sion is possible for points moving straightly and proportionally in 
relation to any frame whatever. , | 

The explanations now given are sufficient to show that there can 
be mutual motions of various bodies, so related as to have a pro- 
perty of being uniform rectilinear mutual motions, and to explain 
the nature of that mutual relation. This is quite irrespective of 
any idea of chronometry, or any idea of absolute rest or motion in 
the universe, or of any idea of absolute clinural rest or absolute 
rotation, and of any distinction whereby one body might be said to 
be in absolute rotation and another devoid of absolute rotation. 
The mutual relation described has been purely kinematic, and will 
not be at all altered by the superposition of any new motion whether 
of translation or of rotation, the meaning of this statement being 
vendered intelligible by consideration of the attachment of the 
original reference frame to the floor and side walls of the cabin of a 
ship at sea, already mentioned. | 

Now, to pass from mere geometric or kinematic motions, governed 
mutually by connecting mechanism to the motions of bodies existing 
in space free from any such governance, we are to accept as an 
established law of nature, established through multitudinous obser- 
vations and speculations, together with theories confirmed by multi- 
tudinous agreements, the following, which may be called the law of 
inertia. 


The Law of Inertia. 


For any set of bodies acted on each by any force, & REFERENCE 
FRAME and a REFERENCE DIAL-TRAVELLER are kinematically possible, 
such that relatively to them conjointly, the motion of the mass- 
centre of each body, undergoes change simultaneously with any 
infinitely short element of the dial-traveller progress, or with any 
element during which the force on the body does not alter in dircc- 
tion nor in magnitude, which change is proportional to the intensity 
of the force acting on that body, and to the simultaneous progress 
of the dial-traveller, and is made in the direction of the force. 
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Principle of Chronometry. 


From the foregoing law it is readily deducible, as a corollary by 
elementary mathematical considerations, that— | 

Any dial-traveller which would accomplish the conditions stated 
would make progress proportionally with any other dial-traveller, | 
obtained likewise from the same set of bodies, or any other set of 
_ bodies with the same or any other reference frame. Then, in view 
of this remarkable agreement, we define as being equal intervals of 
time, or we assume as being somehow in their own nature intrinsi- 
cally and necessarily equal intervals of time, the intervals during 
which any such dial-traveller passes over equal spaces on its dial. 
Thus, any dial-traveller which would accomplish the conditions 
stated would constitute a perfect chronometer. | 

This gives us the ideal of a perfect chronometer. It remains for 
men to aim at approaching as near as they can towards that ideal 
in the practical realisation of good chronometry. 

For good and long-enduring realisations of chronometry, astro- 
nomical methods are alone available. None of these present any 
simple method of procedure. They require hypothetical assump- 
tions of supposed forces acting on the bodies considered, and, above 
all, there is involved in them the assumption, and after multitudinous 
tests, accompanied by multitudinous confirmations, the discovery 
of the Law of Universal Gravitational Attraction—the grandest of 
the discoveries of Sir Isaac Newton. 


Principle of Absolute Clinural Rest and of Absolute Rotation. 


Any straight line fixed relatively to any reference frame which 
accomplishes the conditions specified in the statement of the law of — 
inertia has absolute clinural rest. If another straight line fixed in 
any other such reference frame be parallel to that former line, the 
two lines will continue parallel, so that by either of them the one 
same absolute clinure is permanently preserved. The principle 
here called that of absolute clinural rest is clearly enunciated in 
Thomson and Tait’s Natural Philosophy, § 249, under the designa- 
tion of “ Directional Fixedness.” It is there exhibited by a very 
simple device, and here by a somewhat different method. 
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Any body which has no rotation relative to a framing which 
accomplishes the conditions stated is devoid of absolute rotation, 
and if a body rotates relatively to any such frame it has the same. 
rotation absolutely. | 


The Law of Inertia here enunciated sets forth all the truth which 
is either explicitly stated or is suggested by the First and Second 
Laws in Sir Isaac Newton’s arrangement. | 

By applying the Law of Inertia to the case in which the forces 
acting on the bodies vanish, the law becomes a remodelled substitute 
for the statement set forth by Sir Isaac Newton as the First Law of 
Motion in his arrangement. | 


3. On a Modification of Gauss’s Method for determining the 
Horizontal Component of Terrestrial Magnetic Force, 
and the Magnetic Moments of Bar Magnets, in Absolute 
Measure. By Sir W. Thomson. 


4. On the Phenomenon of “Greatest Middle” in the Cycle 


of a Class of Periodic- Continued Fractions. By 
Thomas Murr, M.A. | 


1. The highest square in an integer H being A? and 
H=A?+D, | 
it is a familiar fact that the square root of H when expressed in the 


ordinary way as a continued fraction with unit-numerators takes 
the form 


the last element of the cycle of partial quotients being double the 
unique partial quoticnt A, and the cycle without this last element 
being the same when read backwards as when read forwards, It is 
also known that in the symmetric portion of the cycle no element 


1 
A+— ] 
2 1 
] 
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can be greater than A, and that an element equal to A can occur in 
only one position, viz, in the middle of the cycle. Thus— 


/ T4845 4941414 104.. 


This is the phenomenon of “greatest middle.” For convenience 
we may call a cycle in which it appears a culminate cycle. With 
~ such cycles several very interesting theorems are connected. 


2. The necessary and sufficient condition that the middle element 
qz Of the cycle of partial quotnats shall be equal to the — partial 
quotient 2s 

(% Ys-1) 2(9, eee 


Whether the cycle be culminate or not, it is known that 


and as (A.... @,_;) and (q,... Q,-1) are mutually prime and their 
co-factors can have no common divisor except 2, it follows that — 


92-2) 


therefore in the case of “ greatest middle” we have 


=an integer=J say. 


9 92-1) geery Ys-2) 


1.€. 2+ 


The numerator here, however, being less than the denominator,—for 
even 2(q... 9-1) is less—must be zero, and therefore 


Conversely, if we suppose this to be the case, we can by taking the 
same starting-point show that g,= A, that is, that the cycle is one 
of greatest middle, 

The condition is thus necessary and sufficient. 

VOL. XIL | 2P 
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3. If JA?+D be expressed as a continued fraction with unit- 
numerators, and the middle element q, of the cycle of partial quotients 
be equal to A, then | 


(J +> Ge-1) 


We have already seen that generally 


and J in the preceding paragraph being shown to be 2, we have in 
the case of ‘ greatest middle,” 


Hence | 


(9 Qs -1) 


as was to be proved. 


4, The condition (dy, Ge-1)=2(qy 9+ ++ being satisfied, 
the general expression for all integers whose square roots have cul- 
minate cycles is | 


F rom § 3 we have 


D = Ge-15 A) 


Multiplying both sides by P,., and using the identity 


we have 


P,.,D 2A{P._,Q,-2 + 2P,-2Q.-2 


‘2A + 2P,.sQ3-2 
Fy 
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Now as (§ 2) Q,-1 is even, P,_,, which is prime to it, is odd ; hence 
(= on integer = M say. 
z—1 | 
Substituting this in the expression for P,_.D we have 
= ( ( 1)*2P,-2Q:-1 + 2M 
= (- 1/2M{P,_,Q,-2+ —(- 1) 
=(- 1)?2mP, - 2, - i-(- 1) 2P,- 
and... D= ..... (B). 
As H= A*+D it is seen that (a) and (f) give the desired expression. 


5. As an example of the use of the preceding result, let us try to 
find all the numbers whose square roots have culminate cycles of 
eight elements, 


If we denote the symmetric portion of the cycle by 
a, b, 64,6 ba, 
the initial condition which we have to satisfy is 


(b, c) = 2(a, ; 
be+1 =2ab+2; 
- 2a)=1; 


the solution of which in integers is clearly 


b=1, andc=2a+1. 


We thus have 
P,.,=(a, 1, 2441) =2a? +4041, 
P,_.= (Q, 1) | =a+l, 
Q.-2=1; 


so that the general result desired is 


{(2a? + 4a+1)m - (a+ 1}24+4(a+1)m 
at+l+2a+1+{ 


where for shortness there is put 


{ } for {(2a?+ 4a+1)m-(a+1)}. 


| 
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The only difficulty which lies in the way of finding the correspond- 
ing result for cycles of a greater number of elements is the solution 
in integers of the indeterminate equation— 


_ This is the analytical problem we now attack. 


6. In a culminate cycle of 2z elements, q,, qo, Sc., we have either 
20), OF =2q) +1; 
and uf the latter, then also q.=1. 


and +9 Qe-2)= + (Gg 3 


therefore from the equation of condition we have 


Now | 
Q:-1-29, +9; 


(dos +++ 9 42-2)» 
92-17 29, > 1. 
We have thus, as was to be shown, g, — 2g, either =0 or 1. 


Further, when ¢,_, — 2¢,=1, our equation (a) becomes 


and 


whence 2, 


and 


7. In a culminate cycle of 2z elements, where g,.,=2q,, the equa- 
tion for determining the other elements is similar to the original 
equation of condition, being | 


‘This follows at once from § 6 (a). 


8. In a culminate cycle of 2z elements where q,-,=2q,+1, if a 
solution 


| 
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be found, then another solution is 


_ When g,.,=29¢,+1, we know that g,=1; and therefore, from 
§ 6 (8), the equation for determining the other elements is 


= (939+ ++ 5 — — +9 


Now the substitution here of Gas TOP 
92-3) Yz-2 respectively, changes the second of these continuants into 
the third, the third into the second, and does not alter the first and 
fourth ; that is to say, the equation is symmetrical with respect to 
the two sets of quantities, which proves our theorem. 


9. In a culminate cycle of 2z elements where Qz-1= 2q, + 1 we have 
either 


or 


From § 8 the equation for determining ¢,,¢,, &c., is 
This evidently gives 


and 


=1+ 


Hence gg=1, and = 1) is partial solu- 
tion. 3 


e 

f 
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Again, we may write 


Hence g,=2, and + = + 
(455+++yJs-9) 18 a partial solution. The second part of this, how- 
ever, is advantageously carried farther. Thus we have from it 


(G4 ++» Qz-3) + 


Now this fraction cannot = 1, for then we should have 


which is impossible, for 2(q,,...., 9,-3) 18 greater than either of the 
continuants on the right. Trying if it may equal 2, we put the _ 
result in the form 


from which it is at once manifest that the only solution is 
Qz-2= 2 and (94. 92-3) Ge-4) + + 3) + + 


Lastly, let us try if g, can be equal to2+a. We should then 
have 


(3+ a) (Gq + (9s Qe-3) = (1 Qe-2) + (Gs Ge-2) » 
| + (Js +++ + (Ys ++» Ge-4) 5 
{3t+a-(l + «)qz-2} = (1+ a) Ge-4) + (Gz-2- 1) (95 
+ (Js Jz-4)- 
This necessitates 


(3+ 
a+3 


and 
Putting g,-.=1, we see that we must further have 


as was to be shown. 


| 
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10. The theorems of the preceding four paragraphs, or even of 
§§ 6, 7, 9, afford a complete solution of the equation of condition. 
The process may be thus described. It depends upon the solution 
of equations of two types, A and B say ; of which | 


(v, w, y, Z)=2(u, W, Y) | (A) 
and (v, Y, z)= (%, w, x, y) +(w, y, 2)+(w, y). (B) 


are examples. The equation of condition, to begin with, is of the 
__ type A. We show that this can be made dependent upon an equa- 
tion of the type A but of lower order, and upon an equation of the 
type B. Next we show that the equation of type B depends on the 
solution of another of type B of lower order, and on the solution of 
two equations of type A. Thus by repeated partial solutions the 
desired result is obtained. | ao 
A caution, however, is requsite in regard to the ultimate equations 
of the two types. In the case of type A the ultimate form may be 


either (2, y, 2) = 2(w, x, (Az), 
or (y,2) =2(2, 9) (A,). 
The former has for solutions 
(2) } 
the latter has g=2¢+ly=l1. 
In the case of type B the ultimate form may be either 
(x,y, y) + +Y (Bz) 
or (x 2 + y +1 (B,) 


The solutions of the former are 


(1) g=],2=2y+1, 
(2) 
(3) 
of the latter ways? 


11. The application of the theorem in § 8 effects a considerable 
simplification of this process. Whenever an equation of type B is 
reached, it enables us to dispense with the consideration of the last 
and most troublesome of the three partial solutions given in § 9. 
For, this solution is | 


2 + q:-2=1, and (1 29 = 24, ? 


e 
4 
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and (§ 8) we have already virtually got it from the first of the three, 
viz., 
g=1, and (954+ ++ 5 Qe-2 1) = 
because in the change which is the test of the symmetry of the 
| equation g, and g,_,. are interchanged letters. In short, if we con- 
sider the case where y,=1, we do not require to consider the case 


where 9,_5= 1. 
12. Taking the case of a cycle of 16 elements, 
a, b,c, d, 9,4, 9, f, 4, 
the equation of condition is 
(0, ¢, d, e, f, g)=2(a, b,c, d, f) 
The solution leads to the following “ tree ” :— 


al 
~o 
= 
g = 2a, | 
+ 
S| 
cad=2 
© 
~ 
1 ( 
S 
& 
re 
> 
g=2at+lye 
4 
c=2 d 
2 
43 


of Edinburgh, Session 1883-84. - oo 
so that the possible cycles are :— 


a, 1, 2d+2, 2a+1, { } 
a, 1, 2¢d+2,1, d, 
a,l, 2, 3, 2, 2, 


where { } indicates the middle of the symmetric portion of the cycle. 
All of them are shown by the tree except the fourth, which is got 
from third by the theorem of § 8. 

The following are the like results for cycles of less than 16 


elements :— 

Elements 

in cycle. Cycle itself (up to middle element). 
4. impossible. 


6. 
2Za+1,{ 


@,2b6,: 0, 2, 
a, 241,11, b, 2a, 
14, 2c, b, { },. 
1, b, 2Za+1, { },.. 
a, i, 2b+1,0, Qat+1l, { },. 
a,l, 2b+1, { },. 


Numbers whose square roots have these cycles: 


+2, 
4, 
6. {(2a?+1)m+a}?+4am+2. 
8, {(2a%+ 
10. { (6a? + 
{ (40°b? + 4ab + 2a? + 1)m — (2ab? + b)(20? + 1) }2 
— 4(2ab? + a + b)m + 2(26? + 
&e. 


> 
7 
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13. The well-known property regarding the quadratic form to 
which the integers belong whose square roots have culminate cycles, 
suggests that the coefficient of m in the general expression for these 
numbers (§ 4) must have the same form. We are thus led to the 
curious theorem :— en 

Tf (os +++5 Ge-1)= +++ 5 then is of the 
form A? + 2B? or A? - 2B? according as z is odd or even. 

This further suggests the inquiry as to how A and B are to be 
obtained in any particular case,—how, for example, knowing that 


26,6, 94, 6, W, 


is a culminate cycle, we can partition (a, 2), ¢, 2c, b, 2a) into a 
square and the double of a square. The result is — 


(a, 2b, ¢, 2c, b, 2a) = 2(a, 2b, +(b, 2a)? , 


where the element 2c separates the given continuant into two con- — 
tinuants which are Band A, Similarly we have 


(a, 2b+1, 2, 1, 2, 2a). =2(a, 2b+1)?+(1, b, 2a), 
(a, 1, 2h+1,0,1, 2a+1)=2(a, 1)? +(b, 1, 2a+1)?, 
(4, 1, 2, 2,2, %a+1)=2(@, 1,2)? +(2, 2a+1), 
(a, 1, 1, b, 26+1, 2a+1)=2(a, 1, 1, 6?) + (2a 41)?. 


14, Closely associated with culminate cycles are those in which 
the middle element of the cyele is less by 1 than the unique partial 
quotient ; for example, 


= 24+1+9+1+2 +204, 
Indeed, the two cases are ee co-extensive on the case where 
the middle element of the cycle of divisors is 2: the exact state of 
- matters being that if the middle element of the cycle of divisors be 
2 the cycle of partial quotients is culminate or peneculminate, and 
if the latter cycle be culminate or peneculminate the middle element 
of the divisors is 2, except in the solitary instance of 12 12 where 
it is 3. 


The complete theory of peneculminate ayeles can be very oany 
given after what has preceded. 


15. The necessary and ouflcient condition that the middle element 
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q, of the cycle of partial quotients shall be 1 less than the unique 
partral quotient is 


16. If JA?+D be expressed as a continued fraction with unit- 
numerators, and the middle element q, of the cycle of partial 
quotients be equal to A ~1, then 


Ger) 


This and the preceding proposition are established exactly as the 
corresponding propositions regarding culminate cycles have been 
established (§§ 2, 3). 


17. The condition Qz- 1) + (qo; Qz- 2) 
being satisfied, the general expression for all integers whose aquare | 
roots have peneculminate cycles is 


From § 16 we have 


Da Mas A) + (Mey A-1) 


(2A — 1)Q,-1 + -2 


whence, as in § 4, 


1)(2A — 1) + 2P,_,Q,. 


DP,..=(2A -1)Q,.24 


Now since (§ 15) P,.1+Q,-1=2P,_., then P,_, and Q,_, are both 
even or both odd: but they are mutually prime, therefore they are 
both odd. We thus have the foregoing fractional form = =an odd 
integer=2mM—1 say. This leads, as in § 4, to 


=(-1)(2M- 
and 


whence the desired formula, 
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18. In a peneculminate cycle of 2x elements qy, qo, &c., we have 
q.-1=1, and for the determination of the others 


(1; 92-2) = + (Qo; yg 92-2) + (os q; 3) 
From § 15 we have a 


5. 


: = | 
and 
Qe-2) = » + » + (Jos. 22-3). 


19, As the equation here got for the determination of 
91>9o9+++5Q:-2 18 Of the type B formerly investigated in con- 
nection with culminate cycles, it is evident that having got all 
possible culminate cycles of 22 elements we can at once write down 
all possible peneculminate cycles of 22-4 elements. Thus sup- 
pose it be required to find all the peneculminate cycles of 12 
elements. Representing the cycle by 


ss 


we know that e=1 and that for the determination of a, b, c, d we 
have 

(a, b, c, d)=(a, b, c) + (6, c, d) + (8, 

The solutions of this equation, however, have been found in § 12, 
in considering the culminate cycles of 16 elements, to be 


a, b,¢,d=1 6,1, 
2b4+2,1,6,1 
=2 ,2,2,2. 
Thus all the peneculminate cycles of 12 elements are 
954+3,1,6,1 
2 
The connection between the two kinds of cycles may be best 
formulated thus :—Lvery culminate cycle of the form 


a@,1,7,p,0,...,, atl], { },.... 


~ 
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hus corresponding to it a peneculminate cycle of the form 
and there are no other peneculminate cycles. 


The equation of condition P,_,;+Q,.,=2P,_. is inapplicable 
when z= 2 or 1: in the former case we have 


1 


* 


_ in the latter, the solitary example 


4 


20. The same considerations which led to the theorem of $ 13 
give us now the theorem :— y 

(Gi +++» Qz-1) 28 of the form A? +2B? or A? - 2B, according as 
z 7s odd or even. 

Also, the expressions for A and B present themselves in the 
same simple manner as before: thus for the cycles above obtained 
we have | | 


+(1,0,1, 1); 
(2, 2,2,2,1)=-2- 2 +(2..2, IP. 


21. It only remains now to see if we can ascertain how many 
different kinds of culminate and peneculminate cycles there ought 
to be with a given number of elements. If the number of elements 
be 2z, then in the case of culminate cycles what we have to find is 
the number of solutions of an equation of type A (§ 10) and of the 
(z—2)th degree. Let the said number be denoted by a,_, and let 
B be used in a similar way in connection with equations of type B. 
Then (§ 10) we have the pair of difference-equations 


a,4+f 
B,-2= 20,-4+ 


| 
(1,6,1, 2642, —2(1, b)?+(204+2, 1); 
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and also (§ 10) the initial conditions 


a,=l1, =] 
a,=2, 
From the two equations by division we have 


Q,-2 a,.4+P,-4 

1 


Therefore when z is even 


a,.2=(2, 2, 2 

where the suffix after; the bracket of the continuant is used to indi- 
cate the number of elements in the continuant; and 


when 2 is odd | 
@,.9= (2,2, 


B,-2= (1 2 2 )ye-1) 
Putting z= 27 and then z=2r-+1 we see that 


= Aor and B,, = Borsa 


and that there is thus no need of stating the two cases separately. 


Our result may therefore be put thus: The number of different kinds 
of culminate cycles having 2z elements is 


or (y- 1)97-2 4 Y= 


8 


and the number of different kinds of peneculminate cycles of the same 
extent is 


where y is the highest integer in 4(z — 3). 


PRIVATE BUSINESS. 


Mr G. A. Woods, Dr Richard Davy, and Dr John Grieve were 
balloted for, and declared duly elected Fellows of the Society. 


| 
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VOL, XII. 1883-84. No. 117. 


Monday, 17th March 1884. 


ROBERT GRAY, Esgq., Vice-President, in the Chair. 
The following Communications were read :— 


1. The Old Red Sandstone Volcanic Rocks of Shetland. By 
Messrs B, N. Peach andJohn Horne, of the Geological 
Survey of Scotland. 


2. On the Principles of Economics. Part I, Mathematical. 
Part II., Physical. By Mr P. Geddes. 


3. An Integrating Hygrometer. By Prof. C. Michie Smith. 


This instrument consists essentially of a cryophorus, one bulb of 
which is kept wet by the same arrangement as is used for a wet- 
bulb thermometer, while the other bulb is left dry. For con- 
venience, the wet bulb is made spherical, and the dry bulb is made 
cylindrical, and is graduated. The difference of temperature be- 
tween the two bulbs produced by evaporation causes a transference 
of water from the dry bulb to the wet bulb, and the amount of 
water thus transferred in any period of time, taken along with the 
mean temperature, will give a measure of the average hygrometric 

VOL. XII. 2 


| 

€ 
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condition during that time. Preliminary observations with this 
instrument show that even in comparatively moist weather the 
total evaporation during twenty-four hours is great enough to be 
easily measured. 

The instrument is intended primarily to be used for determining 
the total evaporation from tanks and other free surfaces of water. 
For this purpose it will be used first in connection with an atmo- 
meter, devised by Mr G. K. Winter and myself, by means of which 
we hope to determine with greater accuracy than has yet been done 
the total evaporation from the surface of a tank. By this means 
the constant of the hygrometer will be obtained, and future deter- 
minations can be made with the hygrometer alone. 

Other uses of the instrument will at once suggest themselves, but 
it is not necessary to go into details till more complete observations 
have been made. | _ 


Monday, 7th April 1884. 
ROBERT GRAY, Esq., Vice-President, in the Chair. 
The following Communications were read :— 


1. On the Philosophy of Language. By Emeritus 
Professor Blackie. 


2. On the Principles of Economics. Part III., Biological 
and Psychological. By Mr P. Geddes. 


3. Note on a New Form of Galvanometer. By Professor 
James Blyth. 


This instrument consists of a close spiral of insulated copper wire 
bent into the form of an anchor ring, so as to form an endless 
solenoid. ‘Lhe spiral is placed in a rectangular groove turned on the 
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edge of a wooden or brass ring of suitable thickness and diameter. 
Short lengths of wire at both ends of the copper spiral are left 
straight. These, after being well insulated, are twisted together and 
led to two terminals, which serve as electrodes. The ring containing 
the spiral is fixed on a base board with its plane vertical, and at 
right angles to the magnetic meridian, when the instrument is in use. 
A short magnet, rigidly attached at right angles to the lower end of 
a stiff wire, is suspended from a silk fibre, so that its centre is 

in the circular centre line of the anchor ring. Near the upper end 
of the wire a long glass fibre 
pointer is attached, which 
moves over a horizontal disc 
graduated to degrees, and 
the whole is so enclosed so 
that the magnet, fibre, and 
pointer are free from currents 


of air. Fig. 1 gives a sketch oe 
of the arrangement, showing, 


however, the convolutions of 
the wire much too far apart. 
These are in reality quite Kine 1. 


close together on the inner side, the spiral being tied tight into the 
rectangular groove by means of a cord. 


Let =the number of convolutions in the spiral, 
7 = radius of circular axis of coil = OB, 
C =current strength ; 


then, if @ be the deflection, and H = horizontal intensity of the 
earth’s magnetism, we have 


= 


—— cos 6= H sin 6, 
C= Hr tan 6. 
On 


_ From this formula it will be seen that the galvanometer constant 
can be very easily determined, since it depends only upon 7 and x. 
Since the endless coil, when carrying a current, forms a closed 


4 
i 
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magnetic shell, it can exert no magnetic force outside the shell ; 
and hence the current will have no effect upon any system of 
permanent magnets that may be employed to produce a stronger 
magnetic field surrounding the needle, 


PRIVATE BUSINESS. 


Mr James Tait Black and Mr E. Peirson Ramsay were balloted 
for, and declared duly elected Fellows of the Society. 


Monday, 21st April 1884. 


Sir WILLIAM THOMSON, Hon. Vice-President, 
| in the Chair, | 


— 


The following papers were read by Honorary Fellows now — 
in Edinburgh :— 


1. On Galvanic Currents passing through a very Thin Stratum 
of an Electrolyte. By Professor H. von Helmholtz. 


If one closes a galvanic circuit containing a small battery, the 
electromotive force of which is not able to decompose water, and a 
voltameter with two platinum plates dipping into water acidulated 
with sulphuric acid, the current has a great intensity in the first 
moment, and diminishes at first very rapidly, afterwards slowly. 
At last its intensity approaches to zero more and more, but it never 
ceases completely. The more sensitive the galvanometer by which | 
you measure its intensity, the longer the time during which you are 
able to observe the deflection of the needle. Ifthe electrolytic fluid is 
in contact with atmospheric air, it is easy, even with a galvanometer of 
simple construction and moderate sensibility, to observe that at last 
a feeble residue of current remains, keeping a nearly constant inten- 
sity. This intensity, however, is increased by the slightest motion 
of the fluid, also by feeble motions produced by changes of tempera- — 
ture. Under these conditions, it is nearly impossible to determine 
by measurement regular relations between the electromotive force, 


we 
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the resistance, and the intensity of the current. Three years ago I 
had the honour to describe before the Royal Society a little 
apparatus, hermetically sealed and purified as much as I was able to 
do from all traces of oxygen and hydrogen. There I thought that 
the current could be really reduced to zero. But since that time I 
have applied an extremely delicate galvanometer, and I have found 
that this cell also lets pass a never-ceasing current even with small 
electromotive forces. The residual current remaining under such 
conditions is indeed only the ten thousandth or hundred thousandth 
part of the current which would be produced by the same electro- 
motive force in a metallic conductor of the same galvanic resistance, 
and it goes on decreasing through weeks and weeks before it 
becomes constant, or rather oscillating about a constant mean 
valu. | 

Lately I have tried to shorten the time through which one has to 
wait for such observations, and to increase the intensity of the 
residual current by making the stratum of electrolytic fluid between | 
two plane surfaces of platinum very thin. I have used plane plates 
of glass lying horizontally and separated by very thin little pieces 
of clean glass. The two plane plates were platinised along their 
interior surfaces, and the platinum covering of the superior plate (a 
rectangle of about 10 and 5 cm. side), which was smaller than the 
inferior, extended over a part of its upper side in order to fix on the © 
upper sides of both plates two little hollow cylinders of paper con- 
taining mercury in contact with the platinum. By the mercury the 
platinum could be connected with the other parts of the circuit. 

If one brings drops of the electrolytic fluid near to the margin of 
the upper plate, they are sucked in by capillary force into the fissure 


between the plates and kept fast there. The galvanic resistance of 


the little apparatus is only a small fraction of an ohm, and can be 
neglected when compared with the other parts of the circuit, which 
contained about 600 ohms. The fluid at the edge of the upper 
plate was in contact with atmospheric air, and therefore saturated 
with atmospheric oxygen according to its density in the atmo- 
sphere. 

I was able, indeed, with this little apparatus, to get the constant 
value of the residual current after six or twelve hours, and to 


4 
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_ have it unusually strong. If one compares the intensity of the 
residual current with that which would have been produced in a 
metallic conductor of the same resistance (600 ohms), it was about 
0:025 of the latter with an electromotive force of 0°8 Daniell, 0°125 
with 1:0 Daniell, 0°4 with 2:0 Daniells. I shall not try to give 
you more exact numbers, because I hope to get them still more accu- 
rate than they are at present. But there was not the slightest trace 
of evolution of gas. And you see that even with two Daniells the 
current which was kept up required the force of 0:8 Daniells to 
overcome the resistance of the circuit. Therefore, only 1‘2 Daniells 
remained for the decomposition of the water, which are insufficient 
to develop the two gases under atmospheric pressure. By reducing 
the resistance of the circuit to 300 ohms I could get a decomposing 
force of 1:36 Daniells. But also this was not sufficient for visible 
decomposition. The arrangement of the apparatus used hitherto 
did not admit of going farther. For these experiments a very con- 
stant electromotive force is needed, which is steady through months, 
and of which well-measured parts can be derived to pass through 
the electrolyte, and I had not yet had the time to introduce those 
modifications of the apparatus which are necessary for the employ- 
ment of higher electromotive force. | 

These experiments show that in this case a current of about 0°002 
ampére could pass contantly through acidulated water without 
developing any visible trace of oxygen and hydrogen. 

I don’t think, nevertheless, that the electrolytic law of Faraday 
is violated in this case. I suppose that really oxygen and hydrogen 
exist separately at the electrodes, only they don’t bubble off, but 
remain dissolved in the fluid, where they exist electrically neu- 
tralised, being no longer subject to electric attraction, and therefore 
free to migrate through the fluid by diffusion. But when electri- 
cally neutral oxygen reaches the cathode, where positive electricity 
is subject to the attraction of the negative electricity of the metal, 
it will yield its + E far easier to the cathode than does hydrogen. 
And the same will happen at the anode. Neutral hydrogen, carried 
over by diffusion, will yield its —E easier to the positive metal | 
than the anion oxygen will do. This, as you see, produces only 
a convective current of electricity. At the cathode diffused 


— 
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oxygen, having given off its + E and now charged with — E, will 


combine with the kation +H. At the anode diffused hydrogen, 
after having received a positive charge from the metal, will 


- combine with the anion -O. So the results of the electrolytic 


decomposition of water are annihilated continually. Oxygen, 
charged negatively, migrates as anion from the cathode to the 
anode, then, neutralised, it is carried back to the cathode. Hydro- 


gen, charged and discharged, goes in the opposite direction. The 


work done by the electromotive force of the battery is not chemical 
decomposition, but it is this migration of the constituents of the 
fluids by which heat ought to be evolved. That heat, which is 
evolved by the migration of the ions, falls under the heat evolved 
by galvanic resistance, but the heat evolved by diffusion ought to 
be proportional to the intensity of the current. But before this 
stationary state of the current can be produced, electrolytic decom- 
position must go on till the required amount of gases is dissolved in 
the fluid, if there is not already from the beginning a sufficient 
quantity of one of the gases, viz., oxygen, of the atmosphere in solu- 
tion. Here the thermodynamic inferences come into play, which I 
have developed lately from the law of Carnot. They show that a 
limited quantity of the gases can be produced electrolytically even 
by very feeble electromotive forces, till a certain value of density of 
the dissolved gases corresponding to the value of the decomposing 
force has been reached. | ; 

Out of these thermodynamic laws one can develop a complete 
mathematical theory of galvanic polarisation and its effects. As far 
as the accuracy of my measurements reaches, the facts appear to be 
in sufficient harmony with such a theory. 


2. On Cosmic Dust. By lAbbé Renard. 


3. Esempio del metodo di dedurre una superficie da una 
figura piana. By Professor Cremona. 


Scopo della presente piccolo comunicazione di mostrare con un 
asempio notevole, ed in connessione colla teoria conosciuta delle 


4 
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rappresentazione piana di una certa classe di superficie, e con quella 
delle trasformazioni razionali nello spazio, come da un sistema piano 
di punti, rette e curve si possono dedurre la costruzione e le pro- 
prieta di superficie situate comunque nello spazio (di quelle che sono 
rappresentabili punto per punto sul piano). 

Se sono dati sei punti 123456 in un piano, per essi passano 
quindici rette e sei coniche. Ciascuno de’ sei punti é doppio per 
infinite cubiche (curve di 3° ordine) passanti per gli altri cinque, 
formanti un fascio; le tangenti nel punto doppio sono percio in 
involuzione. [ sei punti doppi danno cosi sei involuzioni. Allora 
si puo domandare di costruire una curva K, di 6° ordine, che abbia 
sel punti doppi in 123456 e per tangenti altrettante coppie delle sei 
involuzioni. I] problema é risoluto dalle Iacobiane delle reti di 
cubiche passanti per i sei punti dati. Le K, costituiscono un 
sistema lineare tre volte infinito, ossia sono combinazioni lineari di 
quattro K, fra loro indipendenti. Vi sono altre involuzioni, in 
ciascuna delle quindici rette e delle sei coniche. L’ involuzione in 
una retta 12 & determinata dal fascio delle coniche 3456; e I’ in- 
voluzione in una conica 12345 dal fascio delle rette per 6. Le 
curve K, segano ciascuna delle quindici rette—delle sei coniche 
sempre in coppie di punti dell’ involuzione. Vi sono poi infiniti 
punti dotati della propriets che tutte le curve K, passanti per 
uno di essi ivi si toccano; il loro luogo é una curva H,, del 
dodicesimo ordine, aventi sei punti quadrupli in 123456, e 
tangenti alle quindici rette ed alle sei coniche nei punti doppi delle 
involuzioni, e nei punti quadrupli ai raggi doppi delle involuzioni 
risprettive. | 
_ Possiamo ora prendere le K, come imagini delle sezioni piane 
d’una superficie. L’ ordine sara 66-—6°4=12. Essa ha ventisette 
rette doppie, le cui imagini sono i sei punti dati, le quindici rette e 
le sei coniche. Ha inoltre quarantacinque punti tripli né quali le 
ventisette rette nodali concorrono tre a tre. 

La superficie ha poi una curva cuspidale avente per imagine H,, ; 
e siccome questa é incontrata da ogni K, in 6°12 — 6'2°4=24 punti, 
cosi la curva cuspidale e del 24° ordine. 

Di qual classe é la superficie? Ai piani tangenti che passano per 
un punto O dello spazio corrispondono K, formanti una rete, la cui 


é 
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Jacobiana sara l’ imagine della curva di contatto della superficie col 
cono circoscritto. La Iacobiana d’ una rete di K, é dell’ ordine 3°5 
e passa con 3°2 — 1 =5 rami per ciascuno de’ punti dati. Ma di essa 
é evidentemente parte la H,, ; dunque la curva residua ¢ una cubica 
coi punti semplici 123456 ; e siccome due curve analoghe si segano 
in altri tre punti, cosi la superficie é della terza classe. 


Si vede cosi che la superficie é la reciproca della superficie gene- 
_ di terzo ordine. 


Monday, 5th May 1884, 
ROBERT GRAY, Esq., Vice-President, in the Chair. 


The following Communications were read :— 


1. On the Construction of the Canon of Logarithmic Sines. 
By Edward Sang, LL.D. 


In setting about the construction of the Canon of Logarithmic 
Sines, we naturally look for any means of lessening the heavy 
labour of the undertaking. oe | 

The very first table of logarithms, that given by Nepair in his 
Canon Mirificus, was one of logarithmic sines, and was made by 

the actual computation of the logarithms as given in Reinhold’s 
table of sines (see Constructio, section 39). But, in the modern 
text-books on trigonometry, we are told that the logarithms may be 
computed independently of the sines themselves. If this computa- 
tion be less laborious than, and as trustworthy as, the operation 
- from the already computed sines, it must be adopted. Our canons 
of sines, and of logarithms to fifteen places, then only serve for 
occasional verifications. 

In the introduction to Callet’s admirable collection of Tables 
Portatives, the investigation of the formule and the series for the 
logarithmic sines are given. According to the rule strictly followed 
in the preceding works, each of our steps must be made independ- 


t 


602 Proceedings of the oyal Socrety 


ently of all previous computations, and thus we come to revise 
critically the deduction of the formule themselves, and of the series 
resulting from them. 

It is pointed out that if, in the series for the cosine of an arc, 
viz. 
a? a4 ae | 


6 


+ &e. 


we substitute for a, the length q, of a quadrant, the cosine becomes 
zero; and that, according to the law for equations, the series is 


divisible by 1 — . But the cosine is also zero for a= —gq, hence 
the series being divisible also by 1 + 7 is divisible by the product 


1 _ a . In the same way, since the cosine is zero at each odd 


a? 2 2 
quadrant, the terms 1 1- , 1- , and so on, are all 


divisors of the series; whence it is concluded that the cosine is 
the continued product of all these divisors to infinity, or that 


a? 


By similar arguments it is shown that 


a a? a? 


Taking now the logarithm of each side of the equation, and 
using the formula 


| 
log (1-2) = - = ; 


collecting also the terms containing the like powers of a, we get 


1 a? & 


a* 
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and so on. 
it gat Gat gat &. 


oat Bt & t &e. 


aé 
and so on. 


There remains for us the summation of these series of inverse 


powers. M. Callet says—“‘Sommant enfin toutes ces séries, nous | 


aurons, en nous bornant 4 vingt décimales” (lastly, summing all 
these series, confining ourselves to twenty places, we shall have), 
&c., leaving us to understand that the results are obtained by actual 
summation. Let us proceed to verify the first coefficient by this 
method :—we have 


1-? = 1.00000 00000 00000 00000 
3-2= 11111 111111111111111 
52= 4000 00000 00000 00000 
7-?= 2040 81632 65306 12245 
1234 56790 12345 67901 
11°= 826 44628 09917 35537 


101°*= 9 80296 04940 69289 
1001-7? = $980 02996 00499 


1003-7 = 9940 26892 40355 


Here the progression is so slow that, after five hundred divisions, 
which bring us to the divisor 1001, we have got only to the sixth 
place. The convergence is becoming rapidly less, and we should 
need to use five thousand million of terms ere our quotient be 
brought below the twentieth decimal place. Worse than that :— 
the succeeding terms diminish so very slowly that their sum may 


a l 
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reach to a{thousand million of units in the twentieth place; that is 
to say, with five thousand million of terms we shall not be sure of 
the result in the tenth place. 

Thus it is clear that M. Callet did not get his numbers by the 
summation of the series; he must have got them elseways. These 
series, though interesting and valuable, are useless in calculation ; 
they are not even established by the arguments adduced. The logic 
is as faulty as the logistics. 

When a polynome consists of a finite number of terms, each a 
multiple of an integer positive power of some variable x, and when 
the substitution of a definite value 7 for « renders that polynome 
zero, it is easy to show that the expression is divisible by the differ- 
ence z—7, the quotient being another polynome one degree lower in 
rank. i | 

The proof of this theorem rests essentially on the finitude of the 
expression ; the very idea of divisibility implies a termination. 
Hence in extending this law to interminate progressions we destroy 
the foundation on which the argument rests. Granted the use of 
unending series, we may divide any finite polynome by any binome, 
_ the quotient being an endless progression ; there is now no indivisi- 
bility, and the adjective divisible ceases to have a meaning. It is 
absurd to say that the progression 


2 
is divisible by 1 —- = ; the result of the division by any binome 


of the form 1 — az? will be a progression arranged according to the 
- ascending even powers of x If we divide the quotient by another 
binome 1 — Bz, the new quotient again by 1 — ya’, and so on, we 
shall find no obstacle to the divisibility except the labour of the 
operation. Shall we thence argue that the original series is the 
continued product of (1 —am?)(1 Truly not, 
that would be to omit from consideration the essential item, the 
quotient resulting from the divisions. It is necessary to show that 


2 
the successive divisions of the series for the cosine by 1 -—, 


q 
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, 1- will result, if carried on to infinity, in the ulti- 
mate quotient wnzt. | 

The fallacy of these arguments may be clearly seen from another 
point of view. A certain curve crosses the line of abscissz at equal 
intervals extending indefinitely both ways. If we place the origin 
of the abscissa at the middle of one of the intervals, and denote the 
ordinate y by the general symbol $2, y becomes zero on substituting 
for x any odd multiple of the half interval; which half interval we 
shall denote by g; that is to say, $(+q), (+ 3¢), +59), d&e., 
are all zero. Hence, accordin g to these arguments, the expression 
for y or px must be the continued product of the factors 


and thus our curve can be none other than the curve of sines; or, 
to state the conclusion in all its absurdity, no curve other than the 
curve of sines can cross its axis at equal intervals extended inde- 


to infinity, 


finitely both ways! 
In the continued product of any number of factors of the form 
, the coefficient of x is the sum 


of all the coefficients a, B, y....; that of « is the sum of the 
products of each pair of them ; and so on, or, in the usual notation, 


(1 ax*)(1 Ba®)(1 ya”). t+ - 


and thus, in accepting the above arguments, we assume, inad- 
vertently, that the interminate series 


- amounts exactly to 4; that is to say, we assume the equality 


or 


and have accomplished the very difficult problem of summing the 


9q? 259? 
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inverse powers of the odd numbers, without having been conscious 
of the fatigue of the operation. Nay, even in our advanced text 
books on trigonometry, this gratuitous assumption is used to de- 
monstrate its own truth. 

Our “taking for granted” does not cease here ; we have to con- 
sider the subsequent terms of the progression. The sum of the 
products, two and two, of all the quantities 


1 1 


must amount exactly to 5 . Now it is well known that the 


square of the sum of any quantities exceeds the sum of their 
squares by twice their product, taken two and two, or that 


(3a)? 23.08, 
but we have already assumed Sa to be 2 , we now assume >.af 
to be a and the obvious result of the see assumptions is that 
s.a * 7 . Thus, by this easy process, we find that 


or that 


The same line of exposition may be continued indefinitely, and it 
now becomes clear that M. Callet has not got the numerical values — 
of his coefficients from the impracticable summations of the series 
(de toutes ces séries) ; but that he has deduced the sums by a totally 
different and manageable process. 

The following process for computating directly the sum of the 
inverse second powers of the natural numbers may, perhaps, have 
some points of novelty and interest. 


Denoting by the symbol gx, a function whose hindi is 


| 
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2 
px = + + be, 
we observe that this series is convergent for every value of ~ less 
than unit, and even so for unit itself; but that for any value of a 
greater than unit by however little, its terms ultimately increase so 
that their sum either is infinite, or represents an unreality. It is 
thus a moot question whether just at the limit z=1, dx be or be 
not infinite. 
On taking the differentials we get 


_ —log (1-2) 


and thus we have 
_ f—log (1 -2) _ (1 -2) 


so that we shall have the required sum, if we can put this integral 
in a concrete form. 
Having constructed a logarithmic curve with AB for its base and 
AO for the length of its subtangent, take in it some point C and 
draw CE parallel to BA, then EC is the logarithm of AE. Hence 
if we place the origin of co-ordinates at O and denote OA by unit, 
OE by x, we have CE= — log (1 — 2). | 
If now we continue a straight line OC to meet AB in D, and 
draw DF parallel to AO to meet the continuation of EC, EF=AD 
—log (1 


becomes 


-*) . If C be carried along the logarithmic curve, 


the corresponding point F will trace the curve shown in the figure. 
When C comes to O, the secant OC merges into the tangent, equally 
inclined to the abscisse and ordinates ; hence the distance OG must 
be equal to OA. When C passes to the other side of O, the curve 
continues above G still nearing the interminate line AOM without 


ever reaching to it. The curve has thus two asymptotes AB and AM. . 


The surface EOGF thus represents the integral 


~ — | 


f 

- 
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and the entire surface AOGF..... B is the value of the series 
ba + tgs + &c., as measured in squares of the unit OA. 


an& 


If, in the expression 


6. px= —log(l 


we substitute 1 — 2 for x , we have 


whence | | 
-x} = log (1 -2). dlogx—logx. Slog (1 x) ; 
which, on be integrated, becomes 
px + (1 -«)=C -log x. log (1-72). 


Having made Oe equal to AE or 1-72, draw ee¢f parallel to 
ECF; then is the surface eOG/ the representative of (1 - x), and 


EOGF 


Again, if through K, the middle of OA, we draw KNL parallel to 
AB, the equation takes the form 


2. KOGL+KN?2=C, 


so that the nnmerical value of the constant of integration is easily 
computed; it is represented by the algebraic symbol 


Each term of this progression is less than half of the preceding 
term, so that the convergence is not slow. When the computation — 
is carried to a considerable number of places, the convergence is so 
nearly by halving, that the sum of the terms beyond the last com- 
puted one may be held as nearly a repetition thereof. 

The following is the computation to ten places :— 


4 
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Computation of $4. 
1 | . 50000 . 50000 00000. 00 
2 | . 25000 6250 00000 00 
3 | . 12500 | 1388 88888 89 
4 | . 6250 390 62500 00 
125 00000 00 
6 1562 50000 43 40277 78 
781 25000 15 94387 75 
8 390 62500: =| 6 10351 56 
9 195 31250 
10 7 97656 25 
11 48 82812 50 40353 82 
12 24 41406 25 16954 21 
13 12 20703 12 | . 7223 09 
14 6 10350 56 3114 04 
15 3 05175 78 1356 34 
16 1 52587 89 596 04 
17 76293 95 26 99 
18 38146 97 
19 19073 49 
20 9536 74 23 84 
21 4768 37. 10 81 
22 2384 18 4 93 
23 1192 09 2 2 
24 596 05 
25 298 02 48 
26 149 01 22 
27 74 50 10 
Succeeding terms 9 
o} = . 58224 05264 62 


Wenn the value of the constant C is 


2.¢4 =1.16448 10529 2 
(log2)?= .48045 30139 2 
 C =1.64493 40668 4 


On giving to 2a value very little less than unit, the point E 
VOL, , 2k | 


| | 
| 
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comes close up to A, and at the same time, e to O. Hence forz=1, 
the area eOG/ becomes zero, and thus the ultimate area AOG... B, 
has for its value the constant C less the limiting value of the 
rectangle under the two logarithms ec and EC. 

Now on halving the minute distance cO , we render ec rather less 


M 


than half; but instead of doubling the line EC, when close to AB, 
we only augment its length by KN, the logarithm of 2. And thus 
_ the rectangle EC. ec is almost exactly halved ; the halving being more 
and more nearly exact the more minute AE is made; hence the limit- 
ing value of EC. ec is zero, and the constant C is nothing else than 
the representation of the area AOG...B, or of the sum of the 
series of inverse squares ; that is 


C= 164493 40668 = + 5 +a &e. 


Now the square of the number 7z is 9.86960 44011, the sixth part 
of which is exactly C, so that 


This process, although it bring out the agreement of the value of 
the sum of the series with that of the sixth part of the square of 7, 
is unsatisfactory, because it gives us a mere arithmetical coincidence, 
without showing why that coincidence should be. 


| / = 
G 
L 
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Taking the fourth part of the above 
and subtracting, we get for the inverse squares of the old numbers 


124 12,2? 


thus showing that the term y—> 


- + would be exhausted by the divisors 


x 


1- &eo, 


The successful pursuit of this line of inquiry would show that, in 
the present case, the extension of the laws of finite equations to 
equations involving interminate series is admissible; but it would 
do so at the expense of previously discovering those coefficients 
which were thought to have been found by the summation of the 
series of inverse powers. 

The expressions for the log cosine and log sine may be developed 
directly by a process applicable to all series of the general form. 


&e. 
If, for shortness, we write 
A =¢,% — — &e., 


A. 
— log 6x = 


Here, from the expansions of the various powers of A, we have 
to collect the terms containing like powers of 2. 

A study of the character of these expansions enables us to write 
out the details of any one term separately from the rest. Thus, if 
we wish to get the term involving 2}, we have to consider all the 
combinations giving the tenth power; from A we have only the one 
form c,,v!°; from A?2, x! is got in as many ways as 10 is decom- 
posable into two parts, as 5+5, 6+4,7+3, 8+2, 9+1; from A® 
in as many ways as 10 may be divided into three parts, as 4+ 4+ 2; 
44343, and so on. Hence, altogether, the number of parts of 
which the term 2!° is composed agrees with the number of ways in 
which 10 is decomposable. | 


we have 


| 
i 
§ 
7 
; 
é 
i 
| 
\ 
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The following simple scheme shows the decomposition of 10 and 
of all inferior numbers. The number of parts increases rapidly with 
the order of the term: for x? there are 2; for 2°, 3; for 2*, 5; for 
x, 7; for x, 11; for 2’, 15; for x8, 22; for 2, 30; and for x, 42 


parts. 


1414+14+14+14+14+14+142 


141414141414148 


14+14+14+14142+3 
1+14+14+14+1+5 
14+41+14+14+24+4 
1+14+1+1+6 


141414242+3 


1+14+1+2+5 
1+14+14+3+4 
1414147 
14142424242 
1414+424+2+4 
1+14+24+3+43 
14+14+2+4+6 
1414345 
1+14+4+4 
1+1+8 
14+2+24+233 
14+24-2+5 
14+24+3+4 
14+2+7 
14+34+34+3 
1+34+6 
1+4+4+5 

1+9 
24+424+24+2+2 
24+24+2+4 
24+24+3+3 
2+2+6 
24+3+4+5 
24444 

2+8 
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3+7 
4+6 
10 
The order of these parts is thus simple ; their coefficients also are 
readily found ; thus for the part 


or cf. ch. 
we observe that the number of its parts is 6, so that it must have 


come from A®, as belonging to which power, its multiplier must be 


t 


= 60, 
wherefore as coming from = AS it is 


In this way it is a matter of mere labour to write out the parts of 
the term, and to sum them. 
In the case of the logarithmic cosine » this part becomes © 


and for log —~— the c ding part i 
and for log the corresponding part is 


60 a2 a‘ 2 ) 
+ 


For facilitating the multiplication of these denominators it is con- 
venient to make a list of the continued products of the natural 
numbers, thus— 


(2) =2 
(3)=2 

(4)=23 -3 

(5)=23 + +5 
(6)=24 
(7)=24 

(8) = 2? ©32-5 +7 
(9)=27 °7 
(10) =28 34° 52-7 
(11)=28 +11 


(12) +11 


3 

; 

2 

5 

i 
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(18) = 
35 
36 
$6 ° 
36 
(18) 
(19) = 216 - 


(14) = 201 
(15) = 91 
(16) = 219 
(17) = 218 


(20) = 318 
(21) = 218 


35 


39 


53 
38 
38 
38 
39 ° 
(29) = 910 - 


54 


53 


58 
53 


54 


| 


"40 


2-11 


40 


°13°17 
‘13°17 
| 
°13°17 
°13°17 


°19 
°19 


As an example of the manner of carrying on the work, the com-— 
putation of the coefficient of a!4 (that is 2”) in the expression for — 
log sec a, is subjoined, 


Computation of term a} in log sec a. 


Denominators. 


Numerators. 


+ 24, 35,52.7 .11.13 


a2\5/ | 
-5(5)(4) 98 28, 34, 52, 72,11.13 

6\4/76\1 | | 
+2, 38,5 72.11.13 


10/a*\3/at\? 

+5(5)(4) 4.98 32 + 23,38, 52,72,11.13 
4 sa2\3/q8\1 

210, 32.5.7 38.5.7 11.13 
12/a2\2/a4\1/ q6\1 

3 s@2\2/qi\1 7 

+3(5)(%) $210, 34. 52,7 $2.3, .7.11.18 
A 

-+(5)(9) 210, 33 .82.5%,72,11,13 
6 /a2\1/a4\1/ | 

+ 210, +2 .32,5 


= 
| 
2\7 
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common denominator, 


615 
Denominators. Numerators, 
+99 34, 52 ees. 
+910, 34. 5 
911,35, 52.7 7 11.13 
9m, 34. 52,7 « ALB 
+ 911,95. 
911, 35,52, 72,11, 13 
~16 216 200 
+45 405 360. 
~ 4 054 050 | 
~ 3 063 060 | 
. 
+ 210 210 : 
| +22 372 259 
i 4 004 
1 


+22 368 256 


8 /a2\1/q8\2 
9 /a2 1 
3 64) a®\1 
(4) 
2 | 
-3(4) Go) 
| 
| 1 
Bins 
| 
| 
| 
| 
| 
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22 368 256 


Hence the term is 9, 35, 52, 72.11.13 


al4 which, on being sim- 
plified, becomes : 


10088, 
35.5%, 72.11.13 42567525 


In this way we get the following results :— 
Nep. log sec a= 


7" 8.5 2.8.0.9 


9. 3°, 6. 72.11. 18° 


257 . 3617 73. 43867 
58. 72.11.18" 72.11.13. 17° 


31.41. 283.617 
+ 9-38-58 


a 
Nep. log 
1 2 1 4 1 6 1 8 


691 


1 10 12 
+ 


2 3617 
+ 35-52. 72.11.13" 


43867 


The coefficients in the first series are multiples of the corre- © 
sponding coefficients in the second series, the multiplier for the terms 
a being a?"-1 or (a&"—1)(a"+1). Thus for a? the multiplier is 
1.3; for a* it is 3.5; for a® it is 7.9, and so on; which is in 
accordance with the obvious law, that the sum of the nth inverse 


powers of the natural numbers, is 2 times that of the series of 
even numbers. 


— 


| 
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The law of formation of the coefficients in these series may be 
shown in the following manner. If the polynome 


px = 1, — + — + — &e. 


be the continued product of factors 1 1-r’a, &e., 


and if we multiply each term by its exponent with the sign changed 
so as to get | | 


— + 30,03 — 4c,04 + &e. 


and divide this by the original polynome, developing the quotient 
in an interminate series, 


d,x + du? + doa? + d,a* + &e. 


the coefficient d, is the sum of the 7’, 7”, 7’", d, is the sum of 
their squares, d,? = 27°, and so on; wherefore 


1 1 1 ‘= 
+ 3 + + &e. 


is the logarithm of their continued product, that is the logarithm 
of dx. Now, the coefficients d,, d,, d, are formed from the suc- 
cessive. equations | 


O= e¢,-d, 
= 2¢,+d,c, -d, 
O= + 3c, - + dot, 
= —4e,+d,c,- dye, +dc,-d, 


and so on. 

The application of this general method to our present series gives 
the coefficients with much less labour than the process previously 
detailed, because each result is useful in the subsequent steps; but 
the former has the advantage of independent computation. The 
one operation serves as a needful check upon the other. 

Converting these coefficients into decimals, we have 


Nep. log sec a= 


‘50000 00000 00000 00000 x a’ 
+ 8333 33333 33333 33333 x at 


| 

bd 

i 
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9292 22222 22222 29292 x a® 
674 60317 46031 74603 x a8 
218 69488 53615 52028 x ql 

73 86029 60825 18305 x a?2 
25 65805 74040 89150 x al4 
9 09896 49190 70739 x alé 
3 27793 02274 75478 x a8 
1 19564 55712 17762 x a2 


st 


16666 66666 66666 66667 x a? 
555 55555 55555 55556 x at 
35 27336 86067 01940 x a® 
2 64550 26455 02646 x a8 

21377 79915 55769 x qe 

1803 67023 40053 x 

156 61391 32277 x alt 

13 88413 04937 x alé 

1 25043 59176 x a8 

11402 57560 x a 


++ st 


Tn order to make these formule useful in ordinary calculation S, 
we must multiply all the coefficients by the modulus of denary 
logarithms. Thus—_ 


Den. log sec a= 


‘21714 72409 51625 91383 x a? 
3619 12868 25270 98564 x a‘ 
965 09884 86738 92950 x a 
292 97643 62045 74646 x a8 
94 97798 19329 86290 x a! 
32 07711 90203 78068 x a}? 
11 14315 27469 52792 x a4 
3 95163 02553 83690 x ale | 
1 42358 70098 56471 x a's 
51926 22738 91936 x a% 


4 44 


a 
Nep. log ——— = 
sin a 
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a 
sina 
‘07238 24136 50541 97128 x a? 
241 27471 21684 73238 x at 
15 31902 93440 30047 x a® 
14892 72008 02254 x a8 
9284 26020 85031 x a!° 
783 32402 98017 x a!2 
68 01655 83041 x al 
6 02980 12595 x alé 
54305 74190 x a}§ 
4952 07566 x a” 


Den. log 


ee 


The application of these, as of all series of the same kind, to the 
construction of tables, is attended with grave inconvenience. This 
is well seen in the case of the series for the sines themselves; for 
although those be so convergent as to be applicable for any value 
of the arc, it is less laborious, and much more exact, to deduce the 
values of the sine from its well known properties. In the present 


case the convergence is so slow that the series can only be used for 


small arcs. | 

The computation of the canon of logarithmic sines by their help 
alone, would entail more labour than the simple plan of deducing 
the logarithm from the sine, even although we counted the making 
of the two previous canons as part of the work. 


2. On Stichocotyle nephropis, a new Trematode. By J. T. 
Cunningham, Esq. BA. Communicated by John 
Murray, Esq. 


3. Scottish Vital Statistics. By Mr George Seton, Advocate, 
M.A. Oxon. 


It is frequently remarked that the science of statistics, in its 
various branches, is, like the law, ‘gloriously uncertain,” and 
accordingly, it is alleged that, from the same set of figures, two 
intelligent men can draw very different conclusions. The same 


; 
i 
| i 
¥ 
| | 
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assertion may, perhaps even more truly, be made regarding facts, 
which, although considered somewhat “sair to ding,” are very © 
differently interpreted by different individuals.* Interested mo- 
tives, preconceived opinions, and illogical conceptions constitute 
some of the principal causes of perverted conclusions; and both 
facts and figures are very liable to misrepresentation. Hence the 
tendency in many quarters to distrust the deductions drawn from 
figures of almost every kind, more especially in the columns of 
official reports and the prospectuses of commercial enterprises. 
Even among intelligent and educated men, some strangely confused 
ideas prevail respecting statistics, many such persons erroneously 
supposing that every class of numerical facts ought to possess an 
equal amount of certainty and precision, similar to what is produced 
by the abstract figures of an arithmetical process. 

When regarded in the true and proper light, and after having 
been subjected to certain requisite modifications, the same series 
of figures cannot possibly admit of two inconsistent conclusions. 
On the present occasion, my remarks will be entirely confined to 
what are usually termed “ Vital Statistics,” as derived from the 
national Registers of Births, Marriages, and Deaths. The disregard 
of what may be termed disturbing influences is probably the most 
frequent cause of erroneous deductions from the published figures. 
Thus, in one town district, with a population of 20,000 persons, 
the mortality of the year is found to amount to 35 per 1000; 
while in another, with the same population, the mortality is only 
20 per 1000. A casual reader is apt to jump to the conclusion 
that the former district is much more unhealthy than the other; 
whereas, if he took the trouble to reflect and inquire, he would pro- 


* In one of his papers in the Spectator on ‘‘ The Uncertainty and Absurdity 
of Public Reports,” Steele refers to the very limited number of persons who can 
see or hear—that is, who can accurately report what they have seen or heard 
—either through incapacity or prejudice. After stating that he despises the 
man given to narration under the appellation of ‘‘a matter of fact man,” he 
defines him as ‘‘one whose life and conversation is spent in the report of what 
is not matter of fact.’’ Probably the ordinary estimate of the individual in 


question is somewhat different; but it cannot be denied that in many instances 


the force of a verbal description depends more upon the look, the voice, and 
the gesture than upon the words themselves, and accordingly a very erroneous 


impression may sometimes be derived from a colourless and undiscerning 
narration. 


‘ 
. 
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bably find that in the one district there was a large hospital or 
infirmary drawing cases from every corner of the country, and with 
an abnormally large mortality, while in the other there was nothing 
of the kind ; or that, in the one, the condition of the house accom- 
modation, drainage, and water supply was very faulty, and in the 
other quite the reverse. Asin the case of deaths, very erroneous 
conclusions are apt to be drawn from the statistics of births and 
marriages. I propose to make a few observations on each of these 
three classes of events. 


I. Brrrus.—The periodical returns from two parishes, almost iden- 


tical in population, social condition, occupation, and other circum- _ 


stances, continue to present very different figures in the number of 
their respective births; and ordinary readers are very much per- 
- plexed by the published results. On inquiry, it is found that in 
one of the parishes the number of young married couples is 
exceptionally large, while in the other the proportion of bachelors 
and elderly married couples is much above the average. A large 
permanent inequality in the numbers of the two sexes is another 
manifest explanation of differences in the number of births. When 
we compare the number of these events reported from a parish in 
Orkney or Shetland with those occurring in an inland parish 
containing the same number of ordinary inhabitants, we can 
frequently account for the small proportion of the former by the 
circumstance of an unusual number of males having been absent at 
sea for a long period. 

In a paper which I read before the Society last session, I made 
some explanatory observations upon the disproportionate numbers of 
illegitimate births in town and country districts respectively. The 
principal cause of their comparative paucity in the former is, no 
- doubt, the barren prostitution of large centres of population. There, 
also, it is probable that at least a few illegitimate births escape 
registration. 

The merely temporary residence of the mothers of illegitimate 
children is frequently adverted to by registrars of rural districts as 
unfairly swelling the number of these births; and where the 
domicile can be ascertained, it is duly entered in the register. 
Others occasionally allude to the circumstance of conception having 


t 
f 
i 
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taken place elsewhere. Thus, the registrar of a Sutherlandshire | 
parish, in a comparatively recent return, states that “ the fathers of 
all the illegitimate children belong to Caithness, while the mothers are 
either servants or outworkers in the same county, who came home to 
be confined.” In like manner, a Stirlingshire registrar states that no 
fewer than sixteen of the mothers of the twenty-seven illegitimate 
children registered in a certain quarter of the year 1871 were 
domestic servants who returned to their homes to give birth to their 
children. Unless, however, the fathers are to be regarded as solely 
responsible fur the births in these two cases, the parishes in which 
the events occurred are hardly entitled to make an unqualified 
repudiation. | | 

The existence of a maternity hospital in any district usually helps 
to increase the number of illegitimate births, and ought fairly to be 
taken into account in every comparative estimate of morality. 

Again, the number of illegitimate births is frequently augmented 
by the temporary residence of labourers employed in the construction 
of railways and other public works. A few years ago, the propor- 
tion of illegitimate births in a certain parish in Perthshire rose from 
the normal ratio of about 10 to no less than 20 per cent., the forma- 
tion of the Oban railway being the cause assigned by the registrar. 
A still higher fluctuation was reported from a similar cause by an 
Ayrshire registrar, in whose parish the ratio of illegitimacy amounted 
to no less than 30°3 per cent. as against 7°4 per cent. during the 
preceding quarter. 


II. Marriaces.—Many causes contribute to the fluctuation in 
the number of marriages in the same parish, as well as to the dis- 
proportion between the numbers in parishes similarly circumstanced. 
It need scarcely be remarked that the state of trade exercises a 
powerful influence on the matrimonial, market. When work is 
abundant, wages liberal, and provisions cheap, the marriage rate is 
usually high; and accordingly the general prosperity and com- 
mercial activity of almost any district may be fairly inferred from 
the well-filled pages of the marriage register. This particularly 
applies to the great mining and manufacturing districts. Thus, the 
slackness of trade in Scotland during the years 1858, 1862, and 
1867 caused the marriages to decline from 5 to 8 per cent.; while 
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the large increase of upwards of 1700 marriages in 1870, or nearly 
8 per cent. above those of the previous year, indicated a marked 
return of commercial prosperity. Scanty crops, and still more 
frequently a failure in the cod or herring fishings, are con- 
stantly mentioned by registrars as accounting for a paucity of mar- 
riages ; and in many instances the same result is attributed to the 
fact of large numbers of the working classes, in the prime of life, 
having temporarily left their homes owing to dulness of trade. 
Thus, not many years ago, the registrar of a Ross-shire parish 
reported that ‘in consequence of the steady falling off of the 
haddock and herring fishings, the third quarter had passed without 
any entry in the marriage register.” On the other hand, about the 
same period, the registrar of Fraserburgh announced that the mar- 
riages in that parish had been 80 per cent. above the average of the — 
five previous years, the herring fishing in July, August, and Sep- 
tember having proved so very successful that “the value of fish — 
caught, including casks and curing, had been set down at 
£130,000.” 

Another cause of fluctuation in the number of marriages is to be 
found in the season of the year. This is perhaps more observable 
in Scotland than in the other portions of the United Kingdom. 
On the north side of the Tweed, the month of May has always 
been unpopular among brides and bridegrooms ; while the last day 
of the year, the month of June, and Martinmas term have long 
been very favourite periods for matrimonial contracts. An impres- 
- sion pretty generally prevails that May is an unlucky month for 
matrimony, and the origin of the idea has been assigned to the 
circumstance of Queen Mary’s marriage to Bothwell having been 
celebrated in that month. A more satisfactory explanation has been 
offered in connection with the numerous changes of abode con- 
sequent on the occurrence of the house term, only a few days before 
the end of the month, thus naturally affecting the monthly average 
of marriages, which are largely augmented during the following 
month of June.* The annexed table, from the Report on the 
Scottish Census of 1871, shows, in the first column, the number of 
marriages registered in each month of the ten years ending 1870, 
while the second column exhibits the numbers as corrected for 


* See Appendix. 
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January and December. The other ten months require no correc- 
tion, seeing that the number of marriages contracted on the last 
day of each month and registered on one of the early days of the 
following month counterbalance each other. 


Marriages in Scotland during each Month of the Ten Years 
1861-70, and their proportions to the Total Marriages. 


Marriages as corrected for | per 1000 each Percentage 
Months. registered December month, or each-month to 
: each month. and per 12,000 total Marriages. 
January per annum. 
January, 26,219 16,579 888 7°39 
February, 138,593 18,593 727 6°06 
March, 12,707 12,707 680 5°67 
April, 13,081 13,081 700 5°83 
May, 10,889 10,889 583 4°86 
June, 32,269 32,269 1,727 14°39 
July, 22,038 22,038 1,179 9°83 
August, .- 14,353 14,353 768 6°40 
September, 12,978 12,978 695 5°79 
_{ October, . 14,435 14,435 772 6°44 
| November, 22,475 22,475 1,203 10°62 
December, 29,185 38,825 2,078 0°32 
Ten years, 224,222 224,222 12,000 100°00 


It will be observed that the four favourite months for marriage 
are December, June, November, and July, which respectively 
furnish 17°32, 14°39, 10°02, and 9°83 per cent., or more than one- 
half (51°56) of the total marriages; while the smallest number of 
marriages occurs in May, viz. only 4°86 per cent.—March, Sep- 
tember, and April each furnishing less than 6 per cent. | 

The favourite day in Scotland for contracting marriage is the 
last day of the year, provided it does not fall on a Saturday or 
Sunday.* During the ten years in question no fewer than 12,000 
of the 224,222 marriages contracted took place on the 3lst of 
December—amounting to no less than 5:35 per cent.—a higher 
proportion than that of the entire month of May. As in France, 
the great annual holiday in Scotland is New-Year’s Day, and as 


* Very marked differences present themselves on the two sides of the Tweed 
with reference to the selection of particular days of the week for the celebration 
of the marriage ceremony. While our English neighbours continue to follow 
the customs of the Romish Church, the Scotch seem to be perceptibly influenced 
by those of the Puritans. Accordingly, it will be observed from the figures in 
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the accompanying festivities are frequently continued for several 
days, a marriage celebrated on the last day of the year enables the 
bride and bridegroom to enjoy a longer honeymoon than at any 
other season. The same results are observed, on a smaller scale, 
in connection with most of the great annual fairs in Glasgow, 
Dundee, and other large towns. Thus, in Glasgow, the average 
weekly number of marriages is more than quadrupled during the 
week of the yearly fair in the month of July. 

The comparative percentages of marriages in town and country 
districts respectively must also be referred to. The registrars of 
the latter frequently allude to the practice of persons whose banns 
have been proclaimed in the country proceeding to some large town 
to be married ; and as the event is recorded where it takes place, 
the marriage register of the parish of domicile is thus deprived of 
a good many entries. Per contra, however, it occasionally happens 
that denizens of the town resort to the country for the completion of 
the nuptial tie. During the Glasgow Fair holidays, for example, 
many young couples, whose banns have been previously published 
in Glasgow, go “down the water,” as it is termed, for the purpose 
of being married. : 

Several of the northern registrars have referred to the cost of 
rural weddings as one of the causes of the ceremony taking place 


the following table, applicable to the year 1862, and extracted from the Report 
on the Scottish Census of 1871, that the percentage of marriages celebrated in 
England and Scotland respectively on Sunday was 32 and 0°9, while those 
celebrated on Friday amounted to 2 and 43°3 per cent. 


Number and Proportion of Marriages in Scotland and England during earh 


day of the week for the year 1862, deducting Marriages in Scotland on the 
last day of the year. 


SCOTLAND. | ENGLAND. 
Days of Week. 

Sunday, . 184 0°9 32 
Monday, . : 2501 12°9 21 
Tuesday, .. 3418 17°6 11 
Wednesday, . 1329 6°8 8 
Thursday, ‘ 2323 12°0 9 
. 8407 43°3 2 
Saturday,. 1270 6°5 17 
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elsewhere. Thus, little more than two years ago, in his return for 
the quarter ending December, the registrar of a Ross-shire parish 
reported that “the marriages are becoming fewer every year, but 
some belonging to the parish are married in the low-country towns 
to avoid the expense of a ‘Highland wedding.’” In the return 
for the same quarter, an Inverness-shire registrar stated that “ the 
excessive expense connected with rural weddings, to which all and 
sundry must be invited, induces parties to take advantage of their 
proximity to the town of Inverness, and have the ceremony per- 
formed there, where it can be done on a cheaper scale.” 

The circumstance of the residence of a favourite clergyman being 
in a different parish from that of the domicile of the parties fre- 
quently accounts for the limited number of entries in the marriage 
register. The registrar of one of the districts of Dundee reported, © 
a few years ago, that comparatively few marriages were recorded by 
him, because the houses of the favourite ministers for performing 
the ceremony of marriage were situated beyond the bounds of his 
district. In the return for the same quarter, the registrar of Kirkin- 
tilloch stated that of sixteen couples whose banns had been pro- 
claimed in that parish, only three were married in it; and in the 
case of one of the districts of Greenock, with a population of not 
less than 15,000 (?), about the same period, the total number of 
marriages registered during the year seldom exceeded thirty, on 
account of most of the residences of the officiating clergy, as well 
as the chapels of the Episcopalians and Roman Catholics, being 
situated in adjoining parishes. Towards the end of 1878, the 
registrar of St Clement’s district, Dundee, made the following 
announcement in one of his quarterly returns :—‘* The death of the 
Rev. George Gilfillan will cause a decrease in the number of mar- 
riages registered in this district, as, from his popularity among the | 
labouring classes, he was called on to perform the marriage ceremony 
- oftener than any other Protestant minister in Dundee.” Occa- 
sionally the figures of suburban marriage registers are augmented by 
the circumstance of the residences of some of the incumbents of 
city charges being at a little distance from their cures. Thus, 
the registrar of Cathcart recently reported that his marriages were 
in excess, “‘owing chiefly to the residence of Glasgow clergymen 
being in that parish, and the marriage ceremony frequently taking 
place in the minister’s house.” 
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As in the case of births, the relative numbers of bachelors and 
spinsters materially affect the matrimonial market. Thus, since 
1870 the registrar of a small Inverness-shire parish has twice 
reported a blank marriage register at the close of the year, the 
cause ungallantly assigned by him being the “undue proportion of 
old maids/” Very similar results, however, are found even where 
swains are abundant. The registrar of an insular parish in Argyll- 
shire very recently reported that the only marriage during an entire 
quarter was that of a tradesman from the south; adding that 
“though there is a large number of native bachelors, the inducements 
to marry appear to be awanting.” 


IIL Deatus.—For many reasons, more or less obvious, the 
mortality returns present even greater contrasts than those appli- 
cable to births and marriages. Speaking generally, the number of 
deaths is materially influenced by the density of the population ; but 
this circumstance has been so frequently adverted to, that it is 
unnecessary to produce any confirmatory evidence.* The normal 
mortality of a closely-packed population may, however, be sensibly 
lessened by the judicious introduction of sanitary improvements; and — 
during the last twenty years many very gratifying results have been 
exhibited in some of our largest cities. In many country districts, 
however, where the blessings of pure air and abundant space have 
been vouchsafed, we frequently find that a deficient or faulty water- 
supply, inattention to cleanliness and ventilation, or the toleration 
of nuisances in the immediate vicinity of human dwellings, are the 
means of largely augmenting the number of deaths. In such a city 
as Edinburgh, which, for the purposes of the Registration Acts, is 
divided into five districts, very striking differences appear in their 
respective mortality returns. It cannot, of course, be expected that 
the ratio of deaths should be the same in the district of St Giles, 
embracing as it does many of the most crowded and insanitary 
sections of the city, as in that of St George, which is largely com- 
posed of the abodes of the wealthy, with their various advantageous 


* The numbers of births and marriages are also considerably augmented by 
_ the density of the population, being highest in the eight principal towns, next 
highest in the large towns, lower in the small towns, and lowest of all in the 
rural districts. Some interesting illustrative details will be found in the Fif- 
teenth Annual Report of the Registrar-General, applicable to the year 1869. 
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conditions, or in that of Newington, where the proportion of inhabi- 
tants to the area which they occupy is so much smaller than in any 
of the other districts. 

I have already referred to the increase of what may be termed the 
natural mortality of any particular district by the existence of a 
hospital or infirmary within its bounds, and, in like manner, the 
number of deaths is considerably increased by large lunatic asylums 
and poorhouses, in both of which the mortality is abnormally high. 
In a single summer quarter, not many years ago, in one of the 
districts of Greenock, no fewer than fifteen of the deaths in the 
infirmary were of persons belonging to an adjoining parish. About 
the same period, in a Mid-Lothian parish, ten of the sixty-six persons 

whose deaths had been recorded were lunatics or paupers from other 
localities, The mortality of such districts as Bridgeton (Glasgow), 
St Giles’ (Edinburgh), St Mary’s (Dundee), Larbert (Stirlingshire), 
and many others, is largely augmented by the existence of hospitals, 
infirmaries, and other public institutions. In referring to the cir- 
cumstance of the deaths being above the average, the registrar of 
Stirling, in his return for the third quarter of 1878, explained that 
the mortality of the district was considerably increased by the 
presence of the Combination Poorhouse (embracing several parishes), 
the Royal Infirmary for the county, the Military Hospital, &. <A 
similar augmentation is frequently found in some of the most salu- 
brious country districts, which are habitually resorted to by delicate 
persons in search of health, such as Rothesay, Crieff, Grantown, . 
Forres, &c. Nearer home, we find that the exceptionally low mor- 
tality of the district of Newington (already referred to) is con- 

siderably increased by the deaths of invalids temporarily resident at 
_ Morningside, in consequence of the genial climate of that favoured 
locality. | | 

Weather, of course, exercises a potent influence on the mortality 
returns in every corner of the kingdom. The old proverb, “ A green 
Yule makes a fat kirkyard,” has long been disproved by the reports 
of the Registrar-General. When the weather is unseasonably mild, 
as during the past winter, sickness frequently prevails, but the 
mortality is materially lessened. On the other hand, the marked 
effect of a severe winter upon the lives of the old, the young, and 
the delicate has been repeatedly illustrated by the Registrar’s 
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returns. During the ten years ending 1870 the coldest month was 
January, when the deaths, amounting to 69,206, reached their 
maximum, while the smallest number occurred in September, viz., 
_ 50,342. On the other hand, during the six preceding years (1855-60), 
both February and March proved colder months than January, and 
produced the highest mortality, viz. 36,917 and 36,525 deaths 
respectively. As in the later period, however, the mortality was 
lowest in September, when the deaths numbered 27,110. The 
effect of great heat upon bowel complaints and kindred diseases has 
been repeatedly pointed out. The relative deaths, however, are not 
generally sudden, the sufferers frequently lingering for several 
weeks ; and accordingly many of the deaths are not recorded till the 
autumn. The influence of season upon phthisis and several other 
- ailments is more or less marked ; while in the case of diseases of 
the digestive and urinary organs the same effect is es 
imperceptible, 

In Ireland and elsewhere the scarcity and consequent high price 
of food has frequently exercised a powerful influence on the national 
mortality ; but in Scotland, at least during recent years, no such 
effect has been noticed. On the contrary, while in 1868, with 
wheat at 63s. 9d. per quarter and potatoes at 137s. 6d. per ton, the 
deaths amounted to only 69,416, during the following year, when — 
wheat had fallen to 48s, 2d. and potatoes to 99s. 6d., the deaths 
reached the high number of 75,875. Results somewhat similar 
were presented in the mortality tables applicable to the years 1866 
and 1867, when prices considerably differed. 

It is hardly necessary to refer to the influence of epidemics on the 
public mortality, more especially cholera, smallpox, influenza, scarlet 
fever, and measles, from most of which we have been comparatively 
free for a good many years. 

Lastly, the nature of the occupations of the inhabitants of any 
district has no inconsiderable effect upon the number of deaths— 
miners, fishermen, and the followers of other hazardous avocations 
being specially subject to untimely ends. In consequence of the 
frequent explosions in coal-pits, or the results of severe gales, the 
death register of many a rural parish, with a moderate average 
mortality, is obliged to be largely augmented. Thus, of the 247 
deaths recorded in the parish of Blantyre in the last quarter of 
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1877, no fewer than 206 were caused by the explosion at the local 
colliery on the 22nd October of that year. Again, in the summer 
quarter of 1871, 17 of the 25 deaths recorded in the small Ross- 
shire parish of Avoch were caused by drowning, 3 men having 
been lost on the 16th of May when dredging for oysters; while 4 
men and 10 women, all belonging to the fishing population, were 
drowned by the upsetting of an overcrowded coble. Of the 147 
- deaths registered in the parish of Eyemouth, Berwickshire, in the 
last quarter of 1881, no fewer than 129 were those of the unfor- 
tunate fishermen who perished in the fearful storm on the 14th of 
October of that year. They were all in the prime of life, 73 of 
them being married. 

Several other disturbing influences might have fess indicated ; in 
the case of each of the three events under consideration ; but pro- 

bably enough has been stated to show that considerable modifica- . 
tions ought, in many instances, to be made when we deal with 
figures illustrative of Scottish Vital Statistics. 


APPENDIX. 
Marriage Seasons in England. 


“In London the close of the season among the higher classes is a 
matrimonial epoch; among the working classes the festivals of 
Whitsuntide and Christmas and the season of Lent exert some 
influence, so do the terms of service, which vary in different 
counties. The geniality of spring is perceptible; but Lincolnshire 
is the only county in which the spring weddings exceed the autumn 
weddings in number. The accumulations of autumn supply a store 
of food, and the harvest wages of the young swains in agricultural 
districts are often wisely invested in the furniture of a cottage: 
it has already been shown that workpeople are influenced in 
marriage hy economic conditions and prospects. 

‘‘ Tt might be supposed that marriages take place indifferently on 
any day of the week. But it is not so. Few marriages are cele- 
brated on a Friday. Now Friday was in former times the day 
which would be especially devoted to these celebrations, as is 
implied by the names Dies Veneris of the Latins, and Friday, the 
day of the Saxon goddess Friga. 
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“This day was chosen by the early Church, perhaps partly in 
opposition to Paganism, as a day for carnal mortification. It was 
the day of the crucifixion of Christ; and hence the festive Friday 
of the Saxons, and the day especially under the star which 
astrologers held was most fortunate, fell into the category of 
‘unlucky days.’ Seamen will not sail, women will not wed, on 
a Friday so willingly as on other days of the week. The Sun, 
Moon, and Saturn have gained by this silly superstition. Half the 
weddings are celebrated on Sunday and Monday; Saturday has 
more than its average number, and in the southern as well as the 
northern counties the Saturday marriages are the most numerous. 
It has been suggested that the pocket of the workman who has no 
account at the bank for savings, and lives on weekly wages, is 
often empty on Friday, which lays his mind open to gloomy omens, — 
and indisposes him, while on Saturday he is exhilarated by the 
money which he throws into circulation on the three following days. 
Economy of time is an alleged motive for Sunday weddings.”— 
Report of the Registrar-General of England, 1866. 

‘In England and Wales as a whole, and also in the individual 
counties without exception, there are fewer marriages in the first 
quarter than in any other, The maximum quarter, both in the 
entire country and, with three exceptions, in each county, is the 
fourth ; while between the second and third there is but little 
difference, the second, however, having in the long run the pre- 
ference. The three counties which are exceptions to the otherwise 
universal rule of the maximum falling in the Christmas quarter are 
Herefordshire, Shropshire, and, in a notable degree, Lincolnshire, 
in each of which, on an average of seven years (1875-81), the 
maximum fell in the second and not in the fourth quarter. Dis- 
regarding such exceptions, for which local explanations are probably 
to be found, the predominance of the fourth quarter is, as a xule, 
much more marked in purely agricultural counties than elsewhere ; 
presumably because in agricultural districts the fourth quarter is a 
period of comparative leisure, whereas in industrial or, speaking 
generally, in urban districts there is much less distinction between 
one season of the year and another as regards occupation. 

“In this country the marriages are only abstracted by quarters ; 
but, in order to afford means of comparison with those foreign | 
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countries in which the marriages are abstracted by months, they 
have been this year taken out in greater detail for a single county, 
viz., Gloucestershire, and for a single large town, viz., Manchester. 
The first two columns in the following table give the results, the 
months having been reduced to an equality as regards number of 
days. Other columns are added, giving the figures for some other 


countries :— 
Marriages in each Month per 1000 in Year. 
1881. 1881. 1876-78. | 1876-79, |1876-78. 
January, 52 | 75 74 80 44 62 60 | 101 99 
February, ‘ 71 73 61 99 50 | 45 | 102 120 142 
March, . 69 56 57 46 67 55 69 43 73 
April, 09 | 86 | 68 | 98 |. 06 | 8B | 86 | 
ay, 71 64 49 103 137 73 114 91 72 
June, oe. 4 ou 144 7 74 127 81 | 94 65 
August,. .| 78 94 64 57 44 47 64 | 60 60 
September,. | 83 90 58 78 56 66 74° | 738 74 
1 October. 106 87 64 106 111 116 95 91 81 
November, . 76 76 100 124 165 118 111 111 101 
December, .| 126 | 115 | 173 62 | 101 97 63 51 94 


“ The county of Gloucestershire, comprising, as it does, the bulk of 
the great town of Bristol, as well as a large agricultural population, 
may be taken as fairly representing the total of England and Wales ; 
and it was selected because, as a matter of fact, the distribution of | 
its marriages by quarters was found to correspond very closely with 
the distribution in the country at large. It will be noticed that the 
months in which most marriages occurred were December, October, 
April, and June. The excesses in December, April, and June were 
due to the festival periods of Christmas, Easter, and Whitsuntide 
respectively ; while the excess in October marks the period of 
leisure, and of cash in the labourer’s pocket, which follows the 
close of harvest-time. This excess in October would doubtless 
have been still more marked had a purely agricultural country been 

selected ; for in the completely urban population of Manchester no 
~ such excess in October is noticeable, whereas the festival months of 
Christmas and Whitsuntide show high figures. In the town the 
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Whitsuntide marriages, in June, were much more numerous than 
the Easter marriages, in April; whereas in the county the reverse 
was the case, a difference which may be attributed to the fact that 
the agricultural population was busy in June with the hay. In 
both town and county the marriages in May were below the 
average number in the other months, May being for some reason or 
other very generally regarded as a month of ill-omen for wedlock. 
The feeling against marrying in May is not easy of explanation. 
It is not common to all countries. On the contrary, in Germany, 
in Denmark, and in Switzerland this month appears from the table 
to be a favourite time for weddings. That it is attributable to May 
being ‘the Virgin’s month’ seems scarcely compatible with the 
fact that in Catholic France, where such a cause would be expected — 
to have much more influence than in Protestant England, the May 
marriages are slightly in excess. Not impossibly the custom may 
be a survival from Roman times; for in ancient Rome also it was 
deemed to be unlucky to wed in May, it is said, because the Lemuria, 
or Festival of the Departed Souls, was held in that month. 


‘ Mense malas Maio nubere vulgus ait.’—Ovip.” 


—Report of the Registrar-General of England, 1883. 


4, Experiments on the Chief Disinfectants of Commerce, 
with a view of ascertaining their Power of Destroying 
the Spores of the Anthrax bacillus. By A. Wynter 
Blyth, Medical Officer of Health and Public Analyst. 
Communicated by Prof. Turner. 


The following paper gives the result of a considerable number of 
experiments made in 1883, the object of which was to ascertain 
whether any of the disinfectants in popular use had a “ germicidal ” 
action or not. | 

Very few have distinguished between the action of a germicide 
and that of a disinfectant. If fungus spores are steeped for a 
certain time in some powerful chemical solution, and then, on 
being perfectly freed from the solution by washing or otherwise, 
placed in any soil whatever, neither grow nor exhibit any life 
manifestation, we are justified in saying that the spore has been 
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destroyed, that its life has departed, and that the chemical solution 
is a true germicide; while if, on the contrary, although while in 
the solution the spore did not grow, yet, on being placed on 
suitable soil, there is either feeble or strong growth, in that case, 
although the solution may have disinfectant properties, it is not a 
germicide. 

Much more has been done to show the disinfectant than 
the germicidal properties of substances. The labours of Angus 
Smith, Crace Calvert, Bucholz, and other workers have studied 
the inhibition of fungoid growth and of putrefaction, the 
destruction of odours, and the decomposition and fixing of noxious 
gases; so that further observations on the same lines would 
scarcely do more than confirm facts generally accepted. | 

But the action of chemical agencies on those minute particulate 
substances which are regarded as the materies morbi, or seeds of 
zymotic and parasitic diseases, have been but little investigated. 
Here is a field for investigation of almost illimitable extent, but 
nevertheless one in which we have already firm paths and footholds 
across the morass of theory and conjecture, as, for example, in 
Gerlach and Franck’s experiments on the virus of glanders, Ledra 
on that of ovine variola, and Braidwood and Vacher on the lymph 
of vaccine. 

Of all moderns who have directed their attention to disinfectants, 
Dr Koch stands chief; and his masterful monograph, “ Ueber 
Desinfection” (published in Mittheilungen aus dem Kaiserlichen 
Gesundheitsamte herausgegeben, von Dr Struck, Berlin, 1881), will 
long remain an example and guide to future explorers. 

In my own experiments I have followed out in principle, 
although not in detail, Koch’s method. 

Koch’s observations were on the Anthrax bacillus, and at the 
commencement of my experiments no organism seemed so perfectly 
adapted for the trial of the germicide power of disinfectants, for— 

(1) The morphology and life history of the Anthrax bacillus has 
been worked out with some completeness. 

(2) When necessary, its vitality may be tested by inoculation. 

(3) It exists in two states—the thread form, readily attacked by 
chemical and physical agencies, and the spore form, destroyed with 
great difficulty. 
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The advantages just cited, as well as the experiments of Koch, 
were sufficient to induce me to also select the Anthrax bacillus for 
the purpose of ascertaining the relative value of disinfectants. 

Cultivation of Anthraz.—Dr Klein placed at my disposal a small 
supply of Anthrax bacilli in the spore state, and I had the advan- 
tage of studying his admirable paper * (Eleventh Annual Report of 
the Local Government Board), in which he has given full details 
of an improved method of cultivation. | 

A large air-bath was set up, and all flasks, beakers, and -pipettes 
heated for many hours to about 500° Fahr. Similarly the cotton- — 
wool used was disinfected by a dry heat, ™ heat being carried to 
nearly the singeing point. 

_ As in Dr Klein’s method, pork as lean as iis after suitable 
division, was boiled in water, the broth filtered through a sieve, and 
then the supernatant fat separated by means of a separating funnel. 
The broth was next accurately measured, and 10 c.c. or 50 c.c., titrated 
by d. n. soda, using as an indicator phenol-phthalein. In this way the 
precise acidity was known, and from the data thus obtained it was 
easy to exactly neutralise the remaining bulk. After neutralisation 
with soda, the broth was again boiled for some time, and then filtered _ 
hot into a previously sterilised flask. From this stock flask the 
cultivation flasks were charged with from 20 to 30 cc. of the broth. | 
The cultivation flasks had bulbs of about 70 c.c. capacity, the 
bottoms were flat, and the necks from four to five inches long, 
and narrow ; they were charged by means of a sterilised pipette, — 
and then plugged for at least three inches with a cotton-wool plug. 
After plugging, the flasks were immersed in a water-bath, so that 
only about an inch of the neck was above the surface, and the 
water kept boiling for many hours. This method answered very 
well, and seemed to me an improvement on the usual plan of 
directly boiling the broth in the flask. After this process the flasks 
thus charged were placed in an incubator thirty at a time, and 
kept for three days and nights at the temperature of the blood. 
Those that remained clear were then considered sterilised, those 
showing the least turbidity were rejected. 


* “On the Relation of Pathogenic to Septic Bacteria, as illustrated by 
Anthrax Cultivation,” by E. Klein, M.D., F.R.S. Supplement containing 
the Report of the Medical Officer. 
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The incubator was a copper air-bath supplied with a Page’s gas 
regulator ; it was found to automatically regulate the temperature 
within half a degree. 

On similar principles Dr Klein’s “ Pork-gelatin” was prepared. 

I also hit upon a plan of albuminising a broth, which seems likely | 
to be useful. A fresh hen’s egg was taken, a very small hole drilled 
in the shell, and then a pipette previously sterilised thrust into this 
hole through the membrane into the albumin, and the albumin 
sucked up, and then added to the broth, by momentarily remov- 
ing the cotton-wool plug, and allowing the required quantity to 
flow in; a liquid is obtained by these simple means, which in the 
majority of instances keeps fresh without odour or turbidity, 
although submitted to a cultivation temperature for days, and is 
more like a fluid tisswe than any cultivation fluid hitherto recom- 
mended. It seems pretty certain that so long as the shell and 
membrane of what is popularly called a fresh °88 is intact, _ 
are no parasitic germs within. 

To infect any of these sods, a glass rod was drawn out very 
thin, the end tipped with sealing wax, and to the hot sealing wax 
a minute lug of cotton-wool was made to adhere to the wax; and 
this rod was plunged into the anthrax holding fluid, so as only to 
immerse the sealing wax; having thus charged the threads or 
“‘ fluff,” the plug of one of the flasks was loosened, the thin rod 
passed rapidly down, and broken off short against the bottom of the 
flask, at the same time again plugging firmly ; in this way the in- 
fecting of a flask was accomplished so rapidly that the accidental 
admixture of air germs was reduced to a minimum. 

To ascertain the germicide power of a disinfectant, the little thin 
rod, with its small bead of sealing wax, and the “ fluff” which had 
been contaminated by anthrax, was placed in the disinfectant for 
certain known periods of time, then removed and plunged into 
strong alcohol, into ether, or into previously boiled distilled water, 
according to the composition of the disinfectant, so as to dissolve 
out as far as possible the film of the disinfectant adhering to the 
wool. This having been accomplished, a flask of broth was in- 
fected in the manner already described, and the flask submitted 
- to the heat of the incubator. If the broth remained perfectly 

clear, then the inference was that the disinfectant had killed the 
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spores; any growth or turbidity was submitted to microscopical 
examination. 

A few experiments were made after the manner of Koch on 
nutrient gelatin, but it was not found so convenient as fluids. 
Although the microscope was in each case employed, I think all 
those who have worked at the subject will agree with me, that in 
perfectly normal cults, a little practice enables the anthrax cult to 
be distinguished by the naked eye from all other cults whatever. 

Carbolic Acid.—The carbolic acids experimented upon were Cal- 
vert’s No. 1, and the dark carbolic acid of commerce, containing tar 
oils and much foreign matter ; Calvert’s carbolic acid powder was 

also tested. | 
——— Calvert’s Carbolic Acid No. 1.—A 1 per cent. solution in water 
of this acid was made, and the anthrax spores soaked in it, in the 
way detailed and then cultivated in the pork broth. 


Time during whicht he glass rod 


with its spores rested in the Result. 
disinfectant. 
1 per cent. 10 minutes. _ Active growth in twenty- 
| | four hours. 
1 hour. | do. 
24 hours. do. 


Hence 1 per cent. of carbolic acid seemed to have no influence on 
anthrax spores, not even delaying the growth, for no decided differ- 
ence between the disinfected cult and a cult not disinfected could 
be distinguished. _ 


| Experiment with 5 per cent. Solution of Carbolic Acid. 
Time during which the glass rod 


with its spores remained in the Result. 
disinfectant. | 
10 minutes. = Aftertwenty-four hours, growthevident, 
but not anything like so plentiful as 
in the “control” flask ; in four days 
growth luxuriant. 
20 minutes, Do. 
4 hours. No growth in twenty-four hours; after 


forty-eight hours, slight development; - 
in four days a good growth. 


4 
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Experiments with a.10 per cent. Solution. 


Time during which the glass rod 


with its spores remained in the Result. 
disinfectant. 
20 minutes. = The “fluff” was freed by alcohol from 


the adhering film of carbolic acid; 
growth was delayed, but by the end 
of four days there was a good 

growth. | 
4 hours, No growth in twenty-four hours; after 
forty-eight hours there was an ap- 
pearance of some of the spores being 
active; in a few days a scanty growth © 
| was noticeable. 

24 hours. ‘No growth. 


Experiment with a 25 per cent. Solution in Alcohol. 


Time during which the glass rod 


with its infected ‘‘ fluff” re- Result. 
mained in the disinfectant. 

6 hours. After twenty-four hours some de- 
velopment, and in four days a 
good growth. 

24 hours. No growth. 


Dr Klein kindly experimented with my 10 per cent. solution on 
a guinea-pig ; but although I wns unable to cultivate the spores 
successfully after twenty-four hours’ soaking, the guinea-pig died of 
typical anthrax poisoning in two days. 


Experiment with the Undiluted Acid. 

Spores soaked for twenty-four hours in the undiluted acid did not 
afterwards develop. | | 

Cresylic Acid.—A 25 per cent. solution of cresylic acid in alcohol 
acting on anthrax spores for twenty-four hours only delayed the 
growth. On the “fluff” being placed in a sterilised broth, there 
was no turbidity for twenty-four hours; while in the “control” the 
growth was evident and strong; afterwards a few threads slowly 
developed. By the end of four days the liquid was quite turbid. 

Similar results were obtained by cultivating on “ gelatin-pork.” 
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Carbolic Acid Powders. 


Since it seemed improbable that merely sprinkling the powder 
on the infected “ fluff” would reach all the spores, the powder was 
added in weighed quantities to water, and was also made into a 
paste with water, and in the paste the glass rod containing the 
infected rods allowed to remain for various periods of time. 

Calvert’s Pink Carbolic Acid Powder, in water 5 per cent.—The 
spores acted on by this disinfectant for twenty-four hours were 
- removed and cultivated on gelatin-pork as well asin broth. In each 
case growth, as compared with a comparison cult, was delayed ; but 
by the end of four days the growth was luxuriant. 

On making a paste with water, and allowing the spores to rest in 
the paste, even so long as twenty-four hours, no germicide effect 
was noticeable. As before, the growth was delayed. 


Other carbolic acid powders were obtained from various firms, 


and tested, with no better result, 

Liquor Carbonis Detergens.—This is a solution of certain coal-tar 
_ products in spirit. It forms with water an emulsion. 

Added to water in the proportion of 5 per cent., it had but feeble 
influence in preventing the subsequent growth of anthrax. 

A 10 per cent. solution, acting for four hours, distinctly retarded 
growth ; for the spores, whether on gelatin-pork or in the broth, did 
not commence developing for twenty-four hours. | 

Undilated “liquor carbonis detergens,” acting for four hours, 
arrested future growth. © 

Jeyes’ Fluid.—Apparently a solution of various principles derived 
from coal-tar, It forms a thick emulsion with water. : 

It was necessary in this instance, after soaking the infected 
threads in the liquid, to free it from the thick emulsion by alcohol. 

Four experiments showed that in a 5 per cent. solution—that is, 
such a solution as in practice might be used—it was not an efficient 
germicide. 


Jeyes’ Powder bears the same relation to Jeyes’ liquid as the 


carbolic acid powders to carbolic acid. 

The powder was made into a paste with water, but seemed to 
have no definite effect on the anthrax spores. Growth after twenty- 
four hours’ cultivation was active. | 
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Pixene.—This is a preparation which is said to be a solution of 
the principles of wood-tar. It has a strong empyreumatic odour, and 
forms an emulsion with water. Undiluted pixene seems to destroy 
the anthrax spores if allowed to act on them for twenty-four hours. 

A 10 per cent. solution in water, acting on the spores for twenty- 
four hours, délayed gowth, but it was ultimately active. 

In this case, as in all the tar products, it was found necessary to 
be very careful to completely free the ‘‘ fluff” from the disinfectant. 
In my earlier experiments with pixene, when I did not wash the 
spores sufficiently, I gave a higher value to it than it really pos- 
sessed. This was owing to the inhibitory power which small 
quantities of the tar products exercise on the growth of anthrax 
when actually present. 

“ Sanitas” Fluid.—The fluid is said to contain acca of 
hydrogen, thymol, camphoric acid, and terebene. 

Spores soaked in the fluid for twenty-four hours afterwards grew 
freely when placed on suitable soils. | 

Sanitas Emulsion.—The spores placed in sanitas emulsion were 
delayed in growth, for there was no development for twenty-four 
hours. In forty-eight hours there was a feeble growth. Ultimately 
it was luxuriant. 

Sanitas Oil.—This gave entirely similar results. 

Sanitas Powder had no influence whatever on the growth of 
anthrax. 

Morgan’s Fluid, which contains sulphate of copper and zinc, 
with other ingredients in solution, was experimented with in the 
diluted and undiluted form ; but in neither did it seem to have the 
slightest influence on the life of the spore. 

Sulphate of Iron, which has been recommended to disinfect 
typhoid excreta, was experimented with in like manner. A 
saturated solution was made by boiling a large quantity with 
water, and then allowing it to cool. 

‘Here again in no case was any destructive influence on the life 
of the spores observed. 

Sulphate of Copper was also dissolved, and made of strengths 
from 5 per cent. up to saturation; but the spores were in no way 


attacked, although allowed to remain in the liquid for twenty-four 
hours, 
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Sulphate of Zinc gave an entirely similar result. 
Chloride of Zinc.—Koch has given a very unfavourable verdict 


- with regard to zinc chloride in one of his experiments. Anthrax 


spores grew well after a month’s sojourn in a 5 per cent. solution. 

Experiments were made with solutions of 1 per cent., 5 per cent., 
and 25 per cent. solutions. 

I found the short steeping of an hour in a 1 per cent. solution 
stimulating the subsequent growth of the spores, the vegetation at 
the end of twenty-four hours being more active than in the com- 
parison liquid. 
Steeping the spores for twenty-four hours in a 5 per cent. solution 
did not seem to exert any influence on their development. 

Steeping the spores in a 25 per cent. solution arrested the life of 
the spores, that is, so far as artificial cultivation is concerned. 

Chloride of Zine and Thymol.—Thymol was shaken up with 
water, and the thymol water thus obtained used as a solvent for 
. zine chloride, the solutions being made up to 1, 5, and 25 per cent. 
strength. In each ease the behaviour was the same as in that of 
the pure solutions of zinc chloride, the addition of thymol in no 
way adding to or diminishing the action. 

Perchloride of Iron.—Various strengths. of a solution of ferric 
chloride in water were made from 1 up to 25 per cent.; but in no 
single case did a twenty-four hours’ steeping of the spores destroy 
their vitality. With the stronger solution the vegetation was late, 
but ultimately luxuriant. With 1 per cent. solution the develop- 
ment was more rapid than usual, the oh being, as it were, 
stimulated. 

Terebene.—A sample of terebene, said to be pure, had no effect 
on the spores ; but on examination the so-called terebene was found 
to contain 70 per cent. of unchanged, turpentine. 

Another sample, which was certainly pure, gave better results, 
Spores. soaked twenty-four hours in this terebene did not grow in 
sterilised broth, 

A solution of the terebene in strong alcohol, so as to be exactly 
10 per cent., experimented with as in the former case, delayed the 
growth, but it was. ultimately luxuriant. 

The terebene. which seemed to have germicidal powers was further 
experimented with by Dr Klein. Spores soaked in it twenty-four 
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hours killed a guinea-pig, the animal dying of typical anthrax 
within four days. 

Mercuric Chloride.—A 1 per cent, solution acting for twenty-four 
hours seemed to destroy the spores—that is, they did not grow in 
sterilised solutions. Nevertheless spores thus treated, on injection 
_ by Dr Klein into a guinea-pig, destroyed it within four days, with 
al] the symptoms of typical anthrax, 

The conclusions to be drawn from this research are that anthrax 
in the spore state, instead of being a suitable “reagent” for testing 
the germicidal powers of disinfectants, is so extraordinary in its 
powers of resistance to chemical agencies, that few solutions attack 
it, and those that have any influence must be used in a state of 
concentration, which in ordinary disinfecting operations could never 
be attained, | 


PRIVATE BUSINESS, 


The following were balloted for, and declared duly elected Fellows 


of the Society;—Professor J, 8, Nicholson and the Rev. J. S. 
Black, 


Monday, 19th May 1884, 
ROBERT GRAY, Esq., Vice-President, in the Chair. 
The following Communication was read ;— 


1, Sur la Réduction des Intégrales Hyperelliptiques, extrait 


d'une lettre adressée a M. le Professeur Chrystal, par 
M, Hermite. 


J’ai montré dans mon Cours d’ Analyse de l’Ecole Polytechnique, 
comment le procédé ‘élémentaire d’intégration des fractions 
rationelles peut-¢tre modifié de maniére & donner [Jintégrale 
lorsqu’elle est algébrique et ne contient pas de logarithmes, sans 
avoir d’équations a résoudre, Une question toute semblable se 
pose l’égard des intégrales de la forme ou P, Q, 
sont des polynémes entisrs en 2, et j’en ai exposé la solution dans 
un article du Bulletin des Sciences Mathématiques de M. Darboux 
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(C. vii. 1883), Mais la méthode que j’ai donnée peut étre pre- 
sentée sous une forme plus facile et plus simple; c’est ce que je me 
propose de montrer, et avant d’aborder les intégrales hyperellip- 


tiques, je considérerai d’abord celles des fractions rationelles . 


Supposons que par la théorie élémentaire des racines egales, on 
ait mis le dénominateur sous la forme suivante : 


Q=A BY, 


ou les polyndmes A, B,.....L, n’ont que des facteurs simples: 
et faisons, 


PG H I 
G,H,...1, désignant encore.des polynémes entiers. 


Je considére Fintégrale et jobserve que A et sa 


dérivée A’, n’ayant pas de facteurs communs, on peut poser : 
G=MA-aNA4 


M et N étant des. ‘iabiidiaiia entiers. Cela étant, nous obtenons la 
formule suivante.de réduction :. 


dx (M -N’)dx 


qui se vérifie immédiatement par la différentiation ; et qui sera 
applicable, tant que l’exposant @ ne sera point nul. 


Soit donc F=AB...... L; F,=A‘B*..... on en conclut 


de proche en proche. aienalia suivante, ow II et & désignent des 
polynémes entiers, 


Te fede 
Al 


et quand Hintégrale.est algébrique et sans logarithmes, on a iden- 
tiquement : 


Envisageons majntenant les intégrales hyperelliptiques 


Pdx 
Q JR 
et distinguant dans le dénominateur Q les facteurs simples premiers 


aR, que jenomme A, B,...... ; et les facteurs appartenant a R, 
que jenomme S,T,....: je ferai encore 


; 
‘ 
| 
i 
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observant maintenant que A n’ayant que des facteurs simples, et 
etant premier avec R, je puis écrire ; 
G=MA-aNRA’, 
Soit encore 


DAN JR) 


ou N, est évidemment un polynéme entier, on obtient la formule de 
réduction 
Gide (M-—N 
JR R A4% JR 


-Faisons ensuite: R=SU ; en admettant, comme on le doit, que R 
n’ait que des facteurs simples, de sorte que § et US’ soient sans | 
diviseurs communs, j’écrirai: 


J =MS - (s-4)NUS' 


et nous aurons 
Jde_ N JR (M—N,)dx 


- Cette nouvelle formule de réduction, dans laquelle j’ai fait 


ge vérifie en différentiant, comme la salabiente ; et si Von remarque 
qu’elle ne soufire pas d’exceptions, qu’elle est applicable en supposant 
s=1, on parvient 4 la conclusion suivante, Posons, en excluant 
les facteurs es QU a R, 
F=AB.. 

puis 

F, = ASB’. . ee 
on aura cette expression de l’intégrale proposée, dane laquelle II et 
® représentent des polyndmes entiers, | 


Pdx 
QVR 
Un dernier pas nous reste & faire ; soit E, la partie entiére de la 


[ = 
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fraction rationelle Vintégrale 


R R 

et déterminant le polynéme M de sortw que le degré de N soit le 
plus petit possible. On recorinait ainsi qu’il faut prendre pour M 
la partie entiére du développement, suivant les puissances déscen- 
1 

VRS JR 


Nommons 7 le depré dé R, ét ” le degré de N, nous auirons donc 
la condition 


se réduit en posanit 


dantes de la variable, de l’expression —— 


r 


Les résultats que je viens d’établir succinctement conduisent & 


la notion importante des fonctions de premiiére, dé séconde, et de 
troisiéme espéce. II suffit d’y joindre en effet la substitution 


linéaire x par on transforme un polynéme R 


degré pair, dans Pexpression 7 of eat de degré impair 


Admettant done que R soit de degré impair, les fonctions de 


‘premiére espéce serorit quantités ou 
r—3 


4 qui sont finies pour x infini, les fonctions de séconde espéce 


et les fonctions de troisitme espace, les quantités 


dx 
JR 
Une remarque encore en terminant, sur la substitution z =f c 
qui fait disparaitre les puissances impaires dans un polynéme du 
4me degré: R(x) = A(x a) (a—6) (%-d). Des équations, 
données dans mon Cours de la Faculté, p. 8: | 


G-p_ 


tl; 
2 
d’ou n=7r—-2., | 
| 
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jal remarqué qu’on tire facilement celle-ci : 


p-a p-b p-c p-d 
de sorte que l’une de ses racines donne p, et l’autre g. Or on reconnait 
que a, 6b, c, d, étant des quantités réelles rangées par ordre de 
grandeur, cette équation aurait une racine entre a et 6, et une 
seconde entre cetd. Et si l’on suppose a et b réelles, et c et d 
imaginaires conjuguées, on a encore de méme une racine réelle entre 
a et 6, et par conséquent une seconde. Admettons enfin que a et 
soient aussi imaginaires. conjuguées et ‘représentons par f (p) 


=0 


‘premier membre. Pour p trés grand on aura f(p) =?" : 25 : 
| b a+6—c-d 
on trouve ensuite pour | : et pour 
pm ——, fin) = . Nous avons par consequent 
encore deux racines réelles en dehors de l’intervalle compris entre 
gerd 
2 


2. At the request of the Council, Professor Schuster gave an 
Address on the Discharge of Electricity through Gases, 
with Experimental Illustrations. 


Monday, 2nd June 1884, 
SHerirF FORBES IRVINE, Vice-President, in the Chair. 


The Chairman announced that on June 16th,-in terms of the 
Laws, a Ballot would take place for the following proposed Foreign 
Honorary Fellows:—M. Charles Hermite, Membre de l'Institut 
(Académie des Sciences), Paris; M. Pierte J: Van Beneden, Pro- 
fesseur 4 l'Université de Louvain: 


The following Communications were read :— 


1. The Enumeration, Description, and Construction of Knots, 
with fewer than Ten Crossings. By the Rev. T. P. 
Kirkman, F.R.S. Communicated by Professor Tait. 

[This Paper will appear in the Zransactions. | 
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2. On Knots. Part II. By Professor Tait. 


(This Paper will appear in the 7'ransactions. } 


3. Second Note on the Remarkable Sunsets. By Mr John 
Aitken. 


When I communicated my first note on this subject on the 21st 


of January last, the only definite conclusion I had then arrived at 
was that the very remarkable and brilliant colour effects, lately seen 
in the heavens at sunrise and sunset, were due to the presence of an 
unusual amount of dust at the time floating in our atmosphere. 
This atmospheric dust acts as a sifting medium, breaks up the white 
light into its components, and reflects all the different colours 
to us from different parts of the sky. 

Owing to the cloudy state of our northern skies, and to the ever- 
varying condition of our atmosphere, it. was found very difficult to 
follow the successive colour changes in such a way as to enable 
me to form anything like a satisfactory explanation of all the 
phenomena. Since coming, however, to the south of France, and 
seeing all the different sunset effects repeat themselves evening after 
evening in cloudless skies, I have been enabled to form a clearer 
idea of how the different effects are produced; and from the observa- 
tions made under these more favourable conditions, I shall now 
attempt to give what appears to be the explanation of some of the 
principal phenomena of these very remarkable and brilliant sunsets. 

Though it was the month of March before I saw these sunsets 
under the more favourable- conditions, and the brilliancy of the 
display had very greatly diminished; yet sufficient remained to 
enable the different colour changes to be followed, and I was still 
able to detect marked differences in the brilliancy of the effects on 
different evenings. Briefly stated, the following is something like 
the order in which the different phenomena followed each other, 
evening after evening, in these cloudless skies, the only difference 
being in the brilliancy of the colours on the different evenings. 
During the day the sun was surrounded by an unusual amount of 
white light or glare. As it descended, this glare gradually in- 
creased in brillianey and extent; but while it was still an hour 
from setting, no colours, savé blue, were anywhere visible in the 
heavens, and the horizon all round was white. As the sun was 
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about to set, the lower part of the western horizon became tinged 
with yellow, which deepened to orange as the orb touched the 
horizon. After it had sunk below the horizon, the band of colour 
in. the west deepened and widened. The yellow, which when first 
visible was close to the horizon, after a time rose higher, while the 
colour on the horizon gradually deepened to orange and at last to 

red, the upper limit of the colours at the same time rising higher 
and higher in the heavens) The amount to which the colour — 
deepened, and the height to which it rose, varied from evening to 

For some minutes after the sun had set, nothing very remark- 
able appeared in the sky. Overhead it was blue, and the blue 
gradually changed through white to a dull reddish colour on the 
_ horizon, in the north, south, and east; in the west the blue 
changed by imperceptible degrees from blue into white, which 
melted into yellow, and the yellow in turn deepened into orange 
and red on the horizon. But on most evenings, within a quarter 
of an hour after the sun had set, a very remarkable reddish 
glow made its appearance high up in the western sky. When 
this aurora-like glow first became visible, its upper edge would be 
about 40° above the horizon, and extended downwards to about 15° 
from the horizon. The colours of this glow were quite different 
from any of those on the horizon. There the colours varied 
from yellow through orange to red; but this upper glow was a 
very different red from that on the horizon—perhaps crimson is the 
colours to which it most nearly approached. As time progressed, 
this glow gradually descended, till at last it merged into the sunset 
colours on the horizon, and the two bands melted into one. This 
upper glow generally took about 10 or 15 minutes, from the time it 
was distinctly visible, to descend and become absorbed in the 
horizon colours. Owing to the perspective, its upper edge seemed 
to descend more quickly than the lower, which made the glow 
appear to become narrower as it approached the horizon. 

After the sun had been from 20 to 30 minutes under the horizon, 
nothing remarkable was visible ; the upper glow having sunk into 
the horizon colours, the heavens had again much the same appear- 
ance they had before the upper glow began, only somewhat darker. 
But a few minutes after this upper glow had disappeared, a 


ay 
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second made its appearance. This second upper plow was not, 
however, confined to the west, but the whole heavens glowed with a 
strange reddish light, of very much the same tone of colour as the 
first upper glow. This second one generally seemed to attain its 
maximum first in the east, then all over the sky, a short time after 
which it died away, and the sky took up its usual night appearance, 
Only a very few observations of this second glow Were obtained, as 
it was only on a few évenings that its appearance and dis- 
appearance were sufficiently distinct for the hour to be correctly 
noted. The time after sunset, when it appeared and disappeared, 
cannot therefore be given with any accuracy. I may state, how- 
ever, that it appeared within a few minutes after the first upper 
glow had vanished, perhaps about 30 or 35 minutes after sunset, 
and it did not last long. It is obvious that the times here given — 
of the first and second glows only refer to the particular cases” 
observed. A month or two earlier, when there was more dust in 
the air, there is every reason for supposing that both the first and 
second glows would have continued much longer after sunset, as 
there would then be plenty of dust in the higher regions to sift the 
rays, also to reflect the red ones, and the sun would thus continue 
to shine on the dust to a later hour. It is necessary for me to 
state that the position from which the observations were made was 
such that the sun did not set on the sea, but over land, and that 
the land was low, and the position of observation high enough 
for the sun to be seen down to the true horizon. 

The conclusions at which I have arrived are—lst, that the first 
upper glow is produced by the direct rays of the sun illuminating 
the particles of matter suspended in the atmosphere ; and 2nd, that 
the brilliant. western horizon light is - source of ifkamin ation of 
_ the second upper glow. 

I shall now attempt to state the manner in which all the different 
successive colour effects are produced. The sun’s rays, in passing 
through our atmosphere, there encounter innumerable multitudes of 
very small dust particles. Some of these particles are so ex- 
tremely small that they can stop and scatter only the rays of small 
wave length; that is, those of the violet end of the spectrum. 
The result of this is, that the blue light is stopped and reflected in 
every direction, while the rays of the red end of the spectrum are 
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allowed to pass on. The amount to which the rays of the violet 
end are thrown out depends on the number of small particles 
encountered by them. It is generally supposed that water vapour, 
by absorbing the rays of the violet end of the spectrum, has a 
somewhat similar effect on the light passing through it. If so, 
the water vapour in our atmosphere will tend to deepen the red, 
and so intensify the effect of the dust. 

The reason why a great amount of dust in our atmosphere 
should give such brilliant sunset effects, is that it causes a more 
perfect sifting action on the sun’s rays in the outer strata of our 
atmosphere, and provides a greater amount of particles in the 
lower strata large enotigh to reflect the red rays. If there were no 
fine particles in the upper strata, the sunset effect would be whiter, 
and if there were no large particles in eithet upper or lower strata, 
then no such sunset. effect would be possible. If our atmosphere 
were perfectly free from dust, the light would simply pass through 
it into space without revealing itself, and the moment the sun 
dipped below the horizon total darkness would follow. The length 
of our twilight, therefore, depends on the amount of dust.in some 
form or other in our atmosphere, and the height to which the dust 
extends. A great amount of dust in the higher regions of our 
atmosphere would fully accouzit for the gréatly prolonged twilight 
we enjoyed while tliese sunset effects were at their brightest. 

While the sun is still high above the horizon, its rays have to 
penetrate but little more than the depth of our atmosphere, and 
they are subjected to but a slight sifting action by the dust, the 
colour of the light being littlé changed by the small amount of 
blue thrown out of it, before it arrives at the surface of the earth. 
But as the sun approaches the horizon, its light has to pass through 
a rapidly increasing extent of our atmosphere, and its rays are sub- 
jected to a proportionate increas’ in thé amount of the sifting action ; 
so that by the time the sun is on the horizon, the sifting action 
is so great that all the rays of short wave length are stopped and 
scattered, and only those of the red end of the spectrum reach 
the earth; hence the illumination of any object lighted by the 
direct rays alone is yellow, orange, or. red, according to the amount 
of sifting that has taken place. 

After the sun has sunk below. the horizon, the,amount of air 


of Edinburgh, Session 1883-84. 651 


through which the rays have to pass, before arriving at our 
position, still goes on increasing ; and though the rays cannot now 
come direct to us on the surface of the earth, yet they pass through 
our atmosphere overhead, and illuminate any particles large enough 
that may be floating there. But not only do the sun’s rays pass 
through a greater extent of our atmosphere when the sun is 
below the horizon, but as the rays are then at a tangent to the 
_earth’s surface, they have to pass through a greater proportion of 
air near the earth ; and in that region there are, in addition to the 
large particles, more of the very fine small-wave-scattering particles, 
as well as more water vapour, than in the upper regions of our 
atmosphere. The rays, therefore, that pass have the colours of 
small wave length more perfectly sifted out of them, and the 08 
tramsmitted is deeper red. 

_ When we look towards the north, south, and east soon after sun- 
set, we see that the sky near the horizon is of a dull reddish colour. 
This is due to the sun’s rays being deprived of all save their red, in 
their passage horizontally through so much of the atmosphere, and 
these red rays falling on the large particles low down in the 
atmosphere illuminate them with red light, This red light near the 
horizon would be much redder if it were not for the great amount of 
blue light reflected to the particles from the sky overhead. As the 
.sun sinks, but before it ceases to shine on our atmosphere, the 
temperature of the air begins to fall, and its cooling is accompanied — 
by. an increase in the size of the particles floating in it, due to 
water vapour condensing upon them. The particles to the east 
lose the sun first, and are thus coolest; and the rays in that 
direction being best sifted, the red colour is here more distinct than 
in the north or south, 

‘As the sun sinks lower, the particles overhead get larger and 
better able to reflect the red rays ; and the red colour at first visible 
in the east slowly rises, passes overhead, and descends in the west. 
We cannot, however, see it in the zenith with the unassisted eye, and 
 it-is not till it forms the first. glow that it becomes visible. I have, 

however, been able by means of a Nicol prism to detect the presence 
of the red glow. overhead, tracing it from its first appearance 
in the east, .and following it in its passage to the west, long 
before.it: became visible to the unassisted.eye in the western glow. 
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One reason why the red light is not visible overhead, is that the 
depth of the red reflecting stratum is not enough to stop out the 
great quantity of blue light coming from the sunlit air higher up ; 
and as this blue light is complementary to the ted of the afterglow, 
the two combine, and cause the heavens to appear whitish, both 
colours being destroyed ; but the Nicol pristh, by cutting out the 
polarised light, reveals the red to the eye. By éxamining the sky 
overhead with the prism, it was always possible to tell, before the 
first afterglow in thé west began, whether it would be bright or not. 
If the red glow was not strong overhead when the polarised light 
was cut out, then the afterglow was sure to be poor. From this 
we see that the red seen in the éast, shortly after sunset, rises and 
passes overhead unseen, but again becomes visible in the aurora- 
like glow in the west, 

Another reason why we sée this afterglow in the west, though 
we cannot see it with the unassisted eye overhead, is, that when 
viewing it towards the horizon, we are looking obliquely into the 
red stratum, and are thus receiving light from a greater depth of it 
than when looking upwards; we are therefore receiving a greater 
amount of red light, and the gréater thickness also heJps to block 
out the blue light beyond. It is very evident, however, that this 
does not explain some of the peculiarities in the visibility of the 
first glow. If the first glow, as seen in the west, is due to the 
sifted rays of the sun falling on particles large enough to reflect the 
red rays; thus producing in the atmosphere a stratium of air full of 
red glowing particles, then we naturally ask ourselves, Why is not 
this red light visible to the unassisted eye when looking towards 
the north, south, and east, as well as towards the west? If at sunset 
there is formed in the sky a red stratum, we ¢an image it so thin 
as to be invisible when looked through overhead, but we should 
expect it to be equally brilliant in all directions, at the same 
elevation, or if it is more brilliant in one direction than another, we 
should expect the east, and riot the west, to be most brilliant at 
sunset. Or to put this difficulty in another way. Why is it that 
this brilliant upper glow is visible only when viewed from a certain 
direction? To an observer placed to the north, south, ot west of it, 
it is quite invisible. We know, for instance, that a short time 
before this upper glow was visible to us on any evening, there 
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was a similar glow to the south of us; and seen by observers to the 
south-east of us; and though we were looking into the sky where 
the glow was, and at the same elevation as they were, yet it was 
quite invisible to us. Sea 

Two explanations suggest themselves to account for this 
peculiarity in the glow. One supposition is, that its brilliancy 
is dependent in some way on the brightness of the sky behind 


it ; the other supposition, and by far the mora probable one, is, — 


that it is due to some peculiarity in the reflecting particles. The 
glow being visible oniy on particles situated between us and the 
sun, would seem, to indicate that the particles engaged in producing 
that glow are not ordinary dust particles, which absorb and radiate 
the light in all directions, but that this peculiar effect is produced 
by the regular reflection of the sun’s rays. But it may be asked, 
Where are the necessary reflectors to come from? Now it is 
obvious that any small crystals floating in the air will, by the 


-Teflection from their surfaces, produce this result. All examinations 
of the valcanic dust lately collected from the atmosphere show 


that a great quantity of it is composed of small glassy crystals. 
An abundance of such crystals would quite account for the 
peculiarity in the visibility of the first glow, as these crystals would 
shine far more brilliantly when placed between the observer and 
the sun than in any other position, It is now simply a question as 
to whether there is a quantity of such small, crystals sufficient to 
produce this result. The evidence seems to indicate that there is ; 
if so, then the difficulty vanishes. Mixed with these crystals there 
are also large quantities of ordinary kinds of dust, and it is the 
light reflected by the latter which principally causes the red glow 
seen in the south, north, and east. Both kinds of dust are necessary 
fully to explain all the phenomena. 

‘The first glow looked as if it stood vertically in the western 
heavens ; this, however, is an effect of perspective. In reality we 
were looking into what was practically a horizontal layer of mote-filled 
air; and as the sun got lower and lower the part of this layer reflecting 
the red light, gradually moved westwards, which gave it the appear- 
ance of moving downwards. From the high angle at which this first 
glow was seen, it could not be far from us, at least when it was first 
visible—not more than ten or fifteen miles, perhaps much less, 
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On all the evenings on which this first glow was distinct, I ob- 
served a thin film of silvery cloud, if cloud it could be called, form 
or become visible over the western sky, just after the sun had dis- 
appeared. It was rather curious that this filmy cloud seemed to 
have a definite boundary underneath, its wavings or undulations 
being quite distinct. The peculiar silvery appearance of this filmy 
cloud struck me at the time, as it had a strange lustre about it ; but 
it was not till I considered the necessity for crystalline reflectors fully 
to explain the peculiarities in the visibility of the first glow, that it 
struck me these crystals would also explain the peculiar silvery 
lustre of this haze or cloud. This crystalline dust would also 
account for the great brilliancy of the mid-day glare, accompanied 
as it was with comparatively little white light at a distance from 
the sun, and with fair transparency in the. other parta of the sky, 
the crystals between us and the sun refigecting. more light than those 
situated in other directions. 

So far as these observations have gone, no relation has been 
detected between the brilliancy of these after glows and the 
humidity of the atmosphere, as given either by the spectroscope, or 
by the wet and dry bulb, thermometers. The observations, so far 
as they go, rather indicate a dry atmosphere as favourable to 
brilliancy, but,the observations are too few to settle the point. 

We shall now suppose. that our first glow has sunk down and 
melted into the horizon colours. The.sky, now has little red in it 
anywhere save in the glowing west. The sky is now very much 
the same as. before the first glow. began, only the light from all 
parts is now. much less. With the assistance of these glowing 
colours in the west, we shall now try to explain the way in which 
the second glow is produced. Shortly after the first glow dis- 
appeared, it was observed that the oyerhead changed in. appearance, 
the blue slowly faded and became a whitish colour. In, a short 
time the white changed to,a reddish, hue, and at last the whole 
heavens glowed with a fine red light. Though this second glow 
was only now visible, it had been there. for.some time, but could 
not be seen by our unassisted eyes, If, however, we used the 
polariscope we could see it at any time, after the brilliancy of the 
first glow had gone. It was not visible to, the unassisted eye, for 
the same reason that the first glow could not be seen overhead, on 
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account of the blue light from the sky overhead mixing with the 
red and making the sky look whitish. 

‘ Now this second glow I hope to be able to prove is not caused, 
like the first, by the direct rays of the sun shining on the particles 
floating in the air, but by the particles engaged in the first glow being 
now illuminated, not directly by the sun’s rays, but by the glowing 
colours on the western horizon, The clouds, dust, and floating 
matter to the west of us were so brilliantly illuminated, that they in 
turn became a source of illumination, reflecting their reddish light 
in all directions, and illuminating particles suspended in the air in 
every direction, ‘During last winter, when these sunset effects were 
at their brightest, I observed one evening, after the sun had set, 
this red light streaming in from the glowing west with such 
brilliancy as to light up the smoke of a factory chimney, making 
it appear of a reddish colour.; while all objects in the landscape of a 
reddish hue shone aut with a brilliancy out of all proportion to 
what we are accustomed to see, 7 | 
This glowing light streaming in from the west falls on the 
particles suspended in the atmosphere, and illuminates them ; 
and the particles on which the sun shone directly and produced 
the first glow, are again lit up witha reddish light, The effect 
of this red illumination is not at first visible, as the sun is still 
shining on the upper strata of the atmosphere, and the very fine 
dust there reflects the blue light, which mixes with the red and 
masks it. As the sun sinks lower, it shines on less and less of the 
upper air, and soon the brilliancy of the blue is only equal to that 
of the red; the heavens then appear whitish, and when at last the 
sun passes altogether out of the. dusty air overhead, the red light 
becomes visible to the unassisted eye, and the heavens seem filled 
with a reddish glow.. 

It will be observed that the explanation here offered puts the 
position of the illuminated particles producing the sunset effects at 
a much lower elevation than has generally been supposed. It will 
be necessary, therefore, for me to give my reasons for supposing 
that the phenomena are really produced by particles floating at com- 
paratively low elevations, This explanation supposes that only 

the first glow is produced by the direct rays of the sun, and the 
second glow by reflection, or rather radiation from the illuminated 
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particles near the horizion ; it is therefore necessary for me to show 
how this second glow is produced without the direct rays of the sun. 
It may be that while the second glow is visible, the sun is still 
shining in the atmosphere overhead, but at the time of the 
second glow it touches only the upper limits, and there are no 
particles there large enough to reflect red light. Indeed, the second 
glow is not visible till the rays have passed out of the air in which 
the particles are large enough to reflect blue light. It is clear, | 
therefore, that the second glaw cannot have its source in direct 
Ulumination. 7 | 
There are different ways of satisfying ourselves that the second 

glow is but a reflection of the sunset colours on the horizon, by the 
game particles as shone by direct sunlight in the first glow. Before 
going further, there is a most important fact which requires 
attention. It is one to which we are so much accustomed that we 
might not give it its true value. It is, however, so important, in the 
study of these phenomena, that it is necessary we should constantly 
keep it in view. Of course, every one knows that. daylight is far 
brighter than, gaslight, but, how difficult it is to realise the difference. 
On any ordinary day at sundown, light the gas; it has no effect— 
the room is not a bit better lighted, Leave the gas lit, and as the 
sun sinks, note how the gas begins to light up a wider and wider 
area, and at last the room appears to be brilliantly illuminated by 
the gas alone, while outside we can still see our way about, and the 
last of these sunset, effects are still visible. Now, try to realise this 

enormous scale of brilliancy we have got to deal with in daylight. 
We should be more sensible of the difference were it not for the 
curtain in front of our eyes, which nature draws closer and closer the 
more brilliant the light is. As only enough light is admitted to the 
retina to give distinct vision, and as the amount is regulated by 
unconscious movements, we are not so, sensible as we might be of 
the vast scale of illumination used by nature. Keeping ever in view 
this vast scale of brilliancy we have to work with at sunset, it is 
easy to see that what is dark at one time, and under certain con- 
ditions, may really appear brilliantly illuminated a short time after 
under different conditions. A cloud, for instance, on a bright sky 
may look black, but remove the bright sky and we find the cloud is 
brilliantly lighted up, 
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When the first glow was formed, and during the time it was 
descending as well as when it melted intv the horizon colours, the 
glowing west no doubt was radiating a-great amount of red light in 
all directions, but no red glow was visible overhead, on account of 
the great amount of white and blue light also reflected by the sky, 
by which the red effect was masked ; as we have seen, however, 
it was there all the time, but only became visible when the other 
light ceased to be reflected by the sky. Now, though during the 
second glow the sky seemed to get lit up with a red light, yet the 
brilliancy of its total illumination had not increased, it had rather 
decreased, as we can satisfy ourselves by observing that while all 
these changes are taking place the stars are becoming more and 
more numerous, showing that the daylight has been decreasing all 
the time. 

It has already been mentioned that immediately after sundown, 
a thin silvery film of cloud was always seen over the western sky 
before the first glow became visible. What appeared to be this film 
has also been detected overhead with the polariscope while the sun 
was shining on it, and its faintly indicated outlines traced, as it 
shone as a red filmy cloud when the polarised light was cut off. Now, : 
as it was observed that the second glow took place in these same filmy 
clouds, and that this second glow was not visible for some time after 
_ the first glow, and not till the sunshine had almost left our atmo- 
sphere, it is evident that the filmy clouds from which these glowing 
colours proceed are at no great elevation. Another thing which 
indicates that the second glow is but a reflection of the horizon colours, 
is that it was always possible to tell whether the second glow would 
be brilliant or not before it made its appearance. If the horizon 
colours were high up and brilliant, then there always followed a 
brilliant second glow ; but if they were low and dark, no second 
glow followed. There was thus a direct relation between the 
brilliancy of the sunset colour and the second glow. 

_ It may here be asked, Is the horizon glow sufficiently brilliant to 
light up the floating motes all over the sky, and account for the 
brighiness of the second glow? This doubt is again suggested by 
something which, from its very familiarity, we have almost ceased — 
_ to notice, The amount of light that streams in from the western sky 


after sunset is much greater than we might imagine. It is not 
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much noticed, because it casts but little shadow, on account of the 
light coming from a wide area. To satisfy ourselves, however, of the 
brilliancy of the western sky, compared with the north, south, 
or east, we have only to project, by means of a mirror, a small 
area of the western sky on to the eastern. Compared with the 
reflection of the western sky, the eastern looks black, and the pro- 
jected image contrasts as strongly with the eastern sky as the sun 
does with the heavens at mid-day. | 

There is another way of studying the illuminating power of the 
western sky, which I had occasional opportunities of following. 
On some evenings there were a few smali clouds floating about, 
just enough of them to show the successive illuminations, but not 
so many as to cast shadows, and interfere with each other. These 
test reflectors were carefully watched as the sun went down and till 
it was nearly dark. As the sun touched the horizon, it shone into 
my room, and painted an image of the window on the opposite 
wall in bright orange light, At the same moment it lighted up the 
little clouds with the same coloured light. This colour deepened 
on the clouds as the sun sunk below the horizon, till they glowed 
with a fine red light. After a little the sun had sunk so low that 
it ceased to shine on the clouds, their brilliancy died away, and at 
last they looked black. The sky overhead, however, still remained 
brilliantly illuminated. After a time a change began to appear; as 
the light in the sky died away the clouds lost their dark look, and 
gradually after a time appeared to be lighted up again; till at last 
their western edges again glowed with a red light, in gene- 
ral appearance very much the same as the first red illumination. 
This time obviously the source of the illumination was the western 
sky, as the clouds were much too low to catch the direct rays of 
the sun. The boundaries of the illuminated parts were no longer 
sharp, as when the sun shone on them, but hazy and indefinite on 
account of the light coming to them from the wide area of the 
western sky. | 

So far as I have been able to judge, the second glow which illumin- 
ated the whole heavens was produced in exactly the same way as 
the second illumination of the clouds as above described. On some 
evenings thin hazy clouds floating in the sky, a little below the 
haze that gave the true glow, were brilliantly illuminated with red 
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light, and shone more brightly than the true glow; and on some 
evenings, these thin clouds and the glow haze seemed to be so near 

the same elevation, that it was difficult to distinguish the one from | 
the other. 

It is scarcely necessary to say that the clouds, like the second 
glow, did not really get lit up with red light. The appearance of 
lighting up was not a reality, but was due to the other light dying 
out of the sky more quickly than the red light in the west, and the 
light now coming from the clouds being more brilliant than that 
from the sky, the clouds appeared bright on the dark sky. Some 
interesting colour effects were observed on the second illumination 
of the clouds. They were not always coloured to the same depth 
of red at all points where they were exposed to the western glow. 
The western edge of the cloud, for instance, was generally of a light 
red ; whilst the parts which projected underneath, and were exposed 
to the western glow, were of a much deeper red. This was caused 
by the western edge of the cloud being exposed to the illumination 
of the white and blue sky in the west and overhead; this light 
with the red made the exposed edge whitish red, while the parts 
projecting underneath the clouds were protected from the white and 
blue, and exposed only to the horizon glow ; they shone therefore 
with a redder light. 

It has been said that the colour of the first glow was not the same 
as the sunset colours of the horizon, but was of a crimson hue. 
Now this is just what we might expect, because, from the lower 
strata in which the large particles are, red or reddish light is reflected 
to us, but this red light is accompanied by a certain amount of 
blue light from the higher strata, and the combination of a small 
amount of blue with the red gives a crimson tone. The second” 
glow, for the same reason, was of a similar colour. On the horizon 
the red is combined with the green and yellow, causing it to appear 
more or less orange. 

It will be interesting in the future, when all these peculiar 
sunsets are over, to see if we can find any of this afterglow by 
means of a polariscope. It is obvious that there may be a con- 
siderable amount of red afterglow in the west, without its ever 
being visible to us. The reason for this, as already explained, 
is, that a mixture of red and blue lights appear white, and as 
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the red glow comes to us mixed with a certain amount of blue light 
from the sky beyond, a certain amount of red light is masked, and 
it is only when the red is greater than a certain proportion that it 
becomes visible as red. Any amount less, only changes the blue 
towards white. If, however, on searching the sky overhead after 
sunset with the polariscope, we find the red still there, we may 
be sure it will be followed by a red ite in the west, though it 
may not be visible to our eyes. 


Conclusions. 


We may sum up our conclusions under the five following 
heads :— | 


1. If our atmosphere were perfectly pure, and free from suspended 
particles, there would be no twilight. When the sun sunk under 
the horizon, its rays would pass through our atmosphere into space, 
without revealing themselves by illuminating our sky, and the 
moment the sun disappeared total darkness would follow, almost 
as quickly as when a candle is extinguished at midnight. 


2. The greater the amount of suspended particles—up to a certain 
quantity—there is in the atmosphere, and the greater the height to - 
which they are diffused, the more the western sky will be illuminated 
at sunset, and the longer will be the twilight. 


3. The greater the amount of suspended particles of extremely 
small size there is in the atmosphere, the more highly coloured will 


be the transmitted light of the sun and the reflected light of the 
sky. 


4. The western afterglow is caused by the transmitted light 


being reflected to the earth by small dust crystals floating in the 
air. 


5. When there are plenty of suspended particles in the atmo- 
sphere, the western sky at sunset becomes so brilliantly luminous 
that it radiates light in every direction, and illuminates the suspended 


particles all over the sky, causing them to shine long after the 
direct rays of the sun have left them. 
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4. Thermometer Screens. By Mr John Aitken. (Plate VI.) 
Part I. 


In meteorological observations the temperature of the air is of 
the first importance, and it is a subject to which a great deal of 


attention is given, thousands of temperature observations being — 


‘made and recorded every day. It is therefore desirable that these 
observations shall be as correct as possible. At first sight nothing 
seems more simple than to take the temperature of the air. All 
that appears necessary is to hang up a correct thermometer of any 
construction, anywhere out of the sun, and the thermometer will 
then indicate the temperature of the air where the instrument is 
placed. We shall presently see that this is very far from being the 


case ; and not only so, but we shall find that it is difficult to get 


two thermometers which will give the same readings, when hung 
near each other in the open air, even though they agree perfectly 
with each other when placed in water. 

It has been the custom of most observers to place the thermo- 
meters in some kind of screen, to protect them from the sun and 
the rain. Many forms of screens have been devised, but Steven- 
son’s is the one that has met with the most general approval. 
This screen consists of a square-shaped box, the sides of which are 
made of double-louvre boards. In this box the thermometers are 
protected from radiation, while the air can circulate freely through 
it. No doubt Mr Stevenson’s screen is admirably adapted to our 
climate, where we scarcely ever have calm weather, and the tem- 
perature of the air inside the screen is generally nearly the same as 
that of the air outside it. My attention has, however, been lately 
directed to certain conditions of climate under which this screen is 
not suitable. In France and Italy there is frequently a succes- 
sion of perfectly calm days, in which the sun shines with great 
brilliancy and strength. Under these circumstances I have seen 
the Stevenson screen baking in the sunshine, and the thermometers 
recording temperatures much higher than that of the air outside 
them. These calm, sunny days are not unknown in this country, 
though they may occur seldom; and it seems worth while con- 
sidering whether something ought not to be done to prevent the 
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too high readings given on exceptional days in the screens at 
present in use. 

To get the true temperature of the air, the simplest plan seems to 
be to place the thermometer in some sort of box or tube where it 
will be protected from radiation, and to cause a rapid current of 
the air to be tested to rush over it. The only difficulty in prac- 
tically carrying out this method for general meteorological purposes 
is to get some simple means of keeping up a constant and rapid 
current of air. There are many ways in which this may be done, 
but none of them are very satisfactory. We might, for instance, 
by means of a pipe, connect the box containing the thermometer 
with a chimney, under which a fire was constantly burning ; or 
we might keep up the draught by means of a jet of gas burning 
in a vertical tube placed over the thermometer box; or we sila 
use a revolving fan and water power, or a water jet, or any | 
other easily applied method of causing a current of air at the 
place where the observations are to be made. All these plans, 
however, require special apparatus and constant attention to see 

they are in working order; and though some of them might be 
used in certain conditions, yet none of them are suitable for general 
adoption. A simpler and self-acting arrangement has therefore 
been designed, by means of which a current of air is kept con- 
stantly flowing over the thermometer. This apparatus consists 
of a screen and a draught tube combined, the draught tube 
being heated and put into action by the sun’s rays. The screen 
acts during ordinary dull weather when the wind is blowing, and 
the draught tube keeps up the air current over the thermometer 
when the wind falls. This draught tube is always in action when 
required, and most when most required, always acting more ssacal 
fully the stronger the sunshine. 

Plate VI. fig. 1 shows the theoretical form of a thermometer screen 
made on this principle. The thermometer ¢ is placed in the lower end 
of the vertical tube ab. The lower part a of the tube is constructed 
of some non-conductor, or some other arrangement is made to prevent 
radiant heat getting to the thermometer. The upper part b of the 
tube is made of metal, and painted black. Suppose this tube placed 
vertically anywhere in sunshine, the upper part of the tube will 
become heated, and will warm the air inside. A rapid current will 
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thus be formed, and will keep rushing up the tube while there is any 
sunshine. In this way a current of air will be kept flowing past the 


thermometer ; and the thermometer being protected from radiation, | 


the correct temperature of the air will be obtained during calm and 
sunny weather. 

One of the principal difficulties met with in the construction of this 
screen 1s to prevent heat getting to the thermometer through the 
lower part of the tube. If any heat get conducted through the walls 
of this tube, it will heat the air inside, and the inside surface of 


the tube will also radiate heat to the thermometer, and the indicated 
temperature will be too high. 


In figs. 2, 3, and 4 are shown some of the different forms of this. 


screen which have been made. It will be observed that they differ 
principally as to the manner in which the lower part of the tube is 
protected. In the screen represented in section in fig. 2, the 
thermometer ¢ is placed near the bottom of the long tube ab, which 
is made of thin metal, To prevent heat getting to the thermometer, 
the lower part of the tube is surrounded by a second tube c, and 
the space between the tubes is filled with a non-conductor. But as 
all non-conductors are far from perfect, still greater protection is 
necessary, and the lower part of the draught tube is surrounded by 
two conical-shaped metal sunshades d, e. A space is left between 
the two shades for the free circulation of air to keep them cool. 
The screen is supported on three iron legs at the standard height of 
4 feet from the ground. | 

In fig. 3 another form of construction is shown. In this instru- 
ment the lower end of the tube, as in fig. 2, is surrounded by a tube 
c, and non-conducting covering, but in place of further protecting the 
lower end with a shade, itis put into a circular box d, made of louvre 
boards similar to a Stevenson screen. The air which enters the draught 
tube of this screen comes from the lower side of the box. As this 
air has been in contact with the surface of the under side of the box, 

and may thus have got heated, there are placed inside the tube, and 
- surrounding the thermometer bulb, two concentric tubes f and g, 
made of non-conducting material, to prevent the heated air from 
touching the thermometer. By this arrangement the air which flows 
over the thermometer has the true temperature, as it has never 
touched the surface of any solid ; and as the only radiation to which 
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the thermometer is exposed, is that from a small surface of the 
ground under the open end of the tube, it has little effect, and the 
thermometer shows nearly the true temperature of the air. The 
screen shown in fig. 2 is also provided with non-conducting con- 
centric tubes f and g, surrounding the thermometer bulb the same as 
in fig. 3, as these tubes prevent heat being conducted inwards 
towards the thermometer. | 

It may be thought that in these screens the thermometer is too 
well protected, and that it will follow too slowly the changes in 
the temperature of the air. The changes must no doubt-be to 
a certain degree sluggish. This, however, does not seem practically 
to interfere with the readings so far as has been observed. This 
sluggishness will prevent sudden local gusts of hot air from affect- 
ing the readings. An addition has, however, been made to one 
of the screens to cause it to act more quickly while the wind is 
blowing. It is shown in section at h, at the bottom of the draught 
tube in fig. 2. It is simply a wind deflector, made of a circular 
- piece of wood shaped as shown in the sketch, and having a number of 
thin vertical radial plates fixed on it. When the wind blows it 
enters the radial passages, and has its course deflected upwards and 
past the thermometer. In this way the wind keeps up a circulation 
in the draught tube while there is no sunshine. Experiments have 
also been made to get some satisfactory form of wind-ventilating 
apparatus, which could be fixed near the top of the draught tube, 
to cause a rapid upward current when the wind is blowing. 
The advantage of putting the wind circulator near the top of the 
tube, is that when placed there the air does not come into contact 
with any surface before it reaches the thermometer, and therefore, 
theoretically at least, the arrangement is more perfect than the 
other. The slight heating got by having it underneath the tube 
is found practically to be of little importance. 

To combine the full advantage of wind-circulation with that of 
the draught tube the screen shown in fig. 4 has been devised. As 
before, ab is the draught tube. To the lower end of this tube is 
attached a small circular louvre box c, and to protect this box 
from the sun and rain an umbrella-shaped shade is placed over it. 
This shade consists of two circular discs of wood d and e, and a metal 
covering jf, all fixed parallel to each other, and with air spaces 
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between them for the free circulation of air, to keep them cool and 
to prevent the heat absorbed on the top during sunshine penetrating 
to the thermometer. When fitted up the discs are placed hori- 
zontally, that the wind may blow freely between them from any 
direction. The thermometer is placed with its bulb in the louvre 
box, and its readings taken through an opening g, in the draught 
tube, this opening being closed with a glass plate or provided 
with a door. In this screen the wind blows freely over the 
thermometer, and when the wind falls and the sun shines the 
current is kept up by means of the draught tube, so that under all 
conditions nearly the true temperature is indicated. This screen 1s 
the last devised, and seems to possess over the other two forms the 
advantages of simplicity, cheapness, and convenience. 

These screens are suitable only for recording maximum tempera- 
_ tures. For minimum temperatures the arrangement is similar to that 
shown in figs. 3 or 4, only inverted, the draught tube being placed 
underneath the thermometer. A convenient arrangement is to use 
an L-shaped minimum thermometer, and fix the stem into the top 

shade. To enable the index to be set this shade is hinged, so that 
- it can be placed vertically to cause the index to drop. 

Some of these instruments have been tested and found to work 
satisfactorily, but complete tests continued for some time in all 
weathers will be made and are required before any practical decision 
as to their value can be given. 


Wet Bulb Observations. 


In meteorology, the next most important point after the tempera- 
ture, is the humidity of the air. Different methods are in use for 
determining this most important point, but the one most generally 
used is the indirect one of simultaneous readings of wet and dry bulb 
thermometers. These observations are generally made in some kind 
of screen, the wet and the dry bulbs being placed near each other. 
Little consideration is necessary to show us that less favourable con- 
ditions for obtaining the true condition of the air could scarcely be 
selected, because the amount to which the wet bulb is depressed 
depends, not only on the dryness of the air, but also on the rate at 
which the wind circulates through the screen and over the wet 
surface. The result of this is, that with the same degree of humidity 
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of the air we may have at the same temperature very different read- 
ings of the wet bulb, according to the rate at which the air may 
happen at the time to circulate. The quicker the circulation, up 
to a certain rate, the lower will be the temperature indicated. 
Now it is evident that if the readings are correct when taken 
in calm air, they must be incorrect when there is a rapid circula- 
tion; and as the rate at which the air circulates in screens is 
constantly varying, the observations made with the arrangements at 
present in use are of little value. 

The reason for the difference in the readings taken under the dif- 
ferent conditions seems to be that, when there is no circulation, the 
atmosphere round the wet bulb is more moist than the surrounding 
air, owing to the evaporation, and the wet bulb thus indicates a high 
humidity ; but when the moist air is removed as quickly as it is 
formed, the temperature falls lower. In illustration of the effect of 
the greater or less freeness of the circulation on the readings of the wet 
bulb, and to show the small value of the indication of some of the 
instruments at present in use, I will give the readings of a combina- 
tion of wet and dry bulb thermometers which is now before 
me. The instrument is one of a kind which is frequently used. — 
The two thermometers are fixed to a piece of boxwood, on which 
the scales are marked. The bulbs of the thermometers project 
some distance below the edge of the scale. The thermometer and — 
scale are carried in a metal frame which supports the water bottle 
for moistening the wet bulb. The observations were made in a 
room, to get constant conditions of temperature and moisture. The 
instrument was hung clear of everything, to allow of a free circula- 
tion at the back. Under these conditions the readings of the 
thermometers were—dry bulb 62°, wet bulb a little under 59°. 
The thermometers were now taken out of the frame, and hung up 
in the same place; the increased freedom of circulation obtained 
by removing the frame made the wet bulb fall to 57°. The 
instrument was now placed in a strong draught of air, produced by 
a revolving fan, when the wet bulb fell to 56°, the dry one re- 
maining all the time at 62°. Using this instrument as was in- 
tended by the maker, it showed a humidity of about 80. When 
stripped of its frame and the air allowed to get freely at the wet 
surface, it showed a humidity of 72, and when put in a current 
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of air it said the humidity was only 67. From these observations 
we see the necessity of keeping the wet bulb at a distance from all 
objects which interfere with the free circulation of the air. But 
even with the very best form of construction, the readings taken 
at different times, and by different instruments, can not be com- 
pared with each other unless we can control the circulation. 

For the purpose of getting the true temperature of the air with 
the dry bulb, the Froude, or sling thermometer has been devised, 
but its evident inconvenience and risk have prevented its general 
use. An improved form of this method of observing has been 
designed by Mr Edwin Clark. In his observations he uses a whirl- 
ing table, to which the instrument is attached, the table with the 
thermometer being rotated rapidly before the readings are taken. 
Mr Clark has also used his whirling table for wet bulb observations. 
By these means a decided advance has been made, and a nearer 
approach to correct readings of wet and dry bulb thermometers has 


been obtained. The practical difficulty in working this apparatus — 


is the impossibility of taking the reading while the air is acting on 
the instruments; and as the table requires to be stopped before the 
readings can be taken, there is time for them to change. To obviate 
this difficulty, 1 have arranged for wet and dry bulb observations 
a simple revolving fan arrangement for keeping up a circulation of 


air past the thermometers, which brings them quickly to the correct — 


temperature, and allows the readings to be made while the air is 
rushing over the instruments. 

This apparatus is shown in figs. 5 and 6. Fig. 5 is a back eleva- 
tion, and fig. 6 a side elevation shown in section. The bulbs of 
the thermometers ¢, ¢, are placed in the horizontal tube a; a vertical 
division being fixed in the tube between the bulbs. The tube a is 
placed at a height of 4 feet from the ground, and is supported 
by the two standards bb, which are firmly fixed in the ground, or 
. otherwise supported. For circulating the air a large fan is used, 
as it enables us to dispense with all multiplying gear, which is 


troublesome, and apt to get out of order when exposed to the | 


weather. This fan is shown atc; it is driven by the handle d, 
which has a small radius to enable us to turn it rapidly.* The 


* The handle has been coupled by means of a connecting-rod g, with a short 
lever or treadle /, if we may use the word, which is actuated by the hand. This 
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tube a and the fan c are connected by means of the pipe e, When 
the fan is revolved, a rapid current of air is drawn in through 
the tube a, and over the thermometers, which quickly acquire the 
correct temperatures. When the fan is turned very slowly the wet 
bulb falls a little below the dry bulb, and falls further and further 
as the velocity is increased ; but this fall only goes on till a certain 
slow velocity is attained, after which any increase in the rate at which 
the fan can be driven does not alter the temperature, either of the wet 
or of the dry bulb, but only causes them to acquire the correct tempera- 
tures more quickly. With this apparatus we always get the same 
difference of temperature with the same conditions of atmosphere. It 
will be noticed that the upper part of the fan is cased in to prevent 
the air currents put in motion by it from rising and entering the 
suction pipe a, and coming into contact with the thermometers, 

When this fan arrangement is put into action, the air drawn into 
the thermometers does not come into contact with much heated sur- 
face, and the circulation is sufficiently rapid to keep the sides of the 
air passage at the temperature of the air, and also quick enough to 
absorb any heat the thermometers may receive by radiation; it 
may therefore be assumed that the readings given by the dry bulb 
show very nearly the true temperature of the air. This apparatus 
has accordingly been used in preference to the Froude thermometer 
for testing the action of the different forms of thermometer screens, 
their degree of perfection being judged by the nearness with which 
the readings of the thermometer placed in them agreed with those 
given by this fan arrangement. The readings were also occasionally 
checked by means of the sling arrangement; which, however, is 
very difficult to use, especially when the sun is shining. 


On the Temperature of different sized Bodies. 


Before concluding this paper, I wish to record the results of some 
observations made to test the effect of size on the temperature of 
bodies placed in the open air, as these results have a direct, bearing 
on our present subject. 


Let us first consider the temperature of bodies under the most 


arrangement has been found much more convenient than the handle, as an 


impulse can be easily given by means of it to the fan while it is in rapid 
rootion. 


one 
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simple conditions for observation. Suppose the sky overcast, with 
a uniform and thick covering of clouds, that a fresh breeze is blowing, 
and that the temperature has been constant for some time. Under 
these conditions, the surfaces of all bodies, large and small, in the 
open air, have nearly the same temperature. But now suppose the 
the clouds to clear away, and the sun to shine out brightly. The 
temperature equilibrium is soon destroyed, and the surfaces of the 
different bodies quickly take up different temperatures, all becoming 
more or less warmer than the air. The degree to which the different 
bodies are heated will depend on—l1st, their exposure to the sun ; 
2nd, their exposure to the wind; 3rd, the absorbing power of their 
surfaces for heat ; 4th, their conducting power; and 5th, their 
capacity for heat. But, in addition to these, I find that the size of 
the body, or rather the extent of its surface, has a most important 
influence. These remarks apply to bodies placed in shade as well 
as to those exposed to sunshine. 

Before describing the experiments which show the effect of size 
on the temperature of bodies, it will be necessary for me to describe 
the nature of the objects surrounding the spot where these ex- 
periments were made, as the results in experiments of this kind are 
determined very much by the surroundings, every position giving 
a different result according to the objects to which it is exposed. 
The view from the position of these experiments is bounded on the 
south and west by trees at a considerable distance, on the east by 
shrubs close at hand, and backed by a wall which extends south- 
wards, and closes in the view to the south-east. One half of the 
north is bounded by a wall at a distance of 6 feet, and the other 
half by trees at a distance, while the ground is covered with grass 
in nearly every direction. This site was selected on account of its 
being sheltered from the wind, and otherwise suited for the experi- 
ments. 


When studying the action of the draught tube thermometer 


screen, the experiments were begun by erecting, in the position 
above described, a horizontal sunshade made of wood, 3 feet long by 
2feet broad. This shade was erected at a height of about 5 feet from 
the ground. In the sunshade was made a round opening, into 
which fitted a tall metal tube. This tube projected 1 foot down- 
wards into the shade and 2 feet upwards into sunshine. Experi- 
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ments were now made by testing the readings of a thermometer 
when placed in different positions. The results with which we are 
at present concerned were got when the thermometer bulb was 
pushed up inside the tube, and when it was pulled down clear of 
it. When the bulb was pulled down and clear of the tube, it 
always showed about a degree lower than when in the tube. Now, 
why was this? The thermometer and the tube were both subjected 
to the same conditions, and we might have expected that they 
would have the same temperature, that the thermometer would 
read the same inside the tube as outside, or we might have ex- 
pected it to be cooler inside the tube, as it would there have 
the advantage of the upward current; yet it showed a higher 
temperature inside than outside. I now stopped the upward 
current in the tube to see the effect on the thermometer. When- 
ever the current was stopped, the temperature began to rise 
till the thermometer was more than 2° higher than when placed 
outside the tube. 7 | 

It was thought that the high temperature inside might be partly 
due to the heat radiated from the hot upper part of the tube. 
The apparatus was therefore taken within doors, to get a constant | 
temperature, and the draught tube heated by means of a gas flame. 
No increase of temperature was, however, observed when the upper 
part of the tube was heated. We may therefore conclude that but 
little heat is radiated downwards, or at least that all the heat that 
is radiated to the thermometer is easily carried away by the upward 
current of air. Another possible explanation is, the difference in 
the absorbing powers of the surface of the tube and of the thermo- 
meter bulb. As the tube, however, was polished tin, their absorb- 
ing powers would not differ greatly. Neither of these explanations, 
therefore, seem satisfactory. The other explanation which suggested 
itself was that the difference in temperature was due to the difference 
in size of the two bodies, the thermometer bulb being about } of an 
inch in diameter, while the tube was nearly 3 inches, 

When we consider the conditions under which the thermometer 
and the tube were placed, we can easily see that the comparative 
size of these objects would have a most important influence in deter- 
mining their temperatures. When the sun is shining, all objects 
exposed to its rays get heated, and they in turn become sources of 
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radiation, and radiate heat to all surfaces in every direction within 
their view. All surfaces, therefore, though shaded from the sun, 
are recelving a great amount of radiant heat; and if this heat was 
not carried away by the air, the surfaces in shade would acquire 
nearly the same temperature as those in sunshine. But the supply 
of heat comes in slowly from the sunlit surfaces, and the passing 
air carries it away nearly as quickly as it is received. We see from 
this that the temperature of bodies, even in the shade, is greatly 
determined by the rate at which this radiant heat is carried away. 
Now, very little consideration is necessary to show us that the air 
will carry away the heat much more quickly from a small than from 
a large surface. When a current of air comes into contact with a 
hot surface, the air where it first touches the surface is rapidly 
heated, and a film or layer of hot air is formed near that surface. 
Now, if the body is small, this hot layer is at once swept away, and 
gives place to another cold layer, which in turn abstracts more heat ; 
whereas in a large body, the hot film or layer formed where the 


current first touches the body keeps near the surface in its passage 


over it, and forms, as it were, a hot protecting coat to all parts of 
the surface at a small distance to the leeward of the point where 
the current first touched it. No doubt this hot layer of air will 
thicken as it passes over a large surface, but the rate at which it 
thickens is very slow after it has passed over a very small distance. 
This I have observed in my late experiments on dust. The effects 
due to the heat in the air in front of a hot flat vertical surface are 
almost all accomplished at the lower edge of the plate, where con- 
tact is first made, the upper part of the plate producing but a slight 
increase in the effect. The result of the air acting in this way is, 
that a large body parts with its heat to the passing air at a much 
slower rate per unit of area than a small body does; and as both are 
receiving heat at the same rate, the temperature of a small body is 
lower than that of a large one. The protection of large bodies 
will be far from being so perfect when the currents are rapid and 
the air ceases to move in stream lines. | 
Experiments were made to see if this reasoning was correct, 


to determine whether large bodies were really hotter than small — 


ones, and if so, to what extent. For this purpose I pre- 
pared three tin boxes, all 8 inches long, but of different 
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diameters, being 4 inch, 2 inches, and 4 inches respectively. 
These boxes were provided with an opening in the centre of one 
end, for the purpose of introducing a thermometer to determine — 
their temperatures. Before being used they were painted black, to 
get a good and a uniform condition of all the absorbing surfaces, 
After a thermometer was fitted into each box, they were all 
hung up under the horizontal shade, and perfectly protected from 
the direct rays of the sun. Alongside of the boxes was hung a 
thermometer with a clean bulb, also a thermometer having the bulb 
blackened with the same paint as used for the boxes. After they 
had hung for some time, no two of the boxes were found to have 
the same temperature. The larger the box the higher was its 
temperature. The difference between the temperatures, as might — 
be expected, was not always the same, because on no two days is 
the amount of radiant heat the same, nor is the rate of circulation 
of the air the same. The following table shows the readings taken 
at two different times on the same day :— . 


Blackened 
Box Box Box 
Clean Bulb. 4" diameter. | 2’ diameter. | 4” diameter. 
67° 68° 69°°5 71°°3 
7° 72° 74°-2 


These readings, of course, only show the comparative tempera- 
tures at the particular place on the day the observations were 
made. Some days the difference was less, but in spring weather, 
when the sun is hot and the air cold, greater differences may be 
looked for. | 

The boxes with their thermometers were then hung up under the 
horizontal sunshade in an open field, clear of all buildings, and 
surrounded by trees at some distance. The amount to which the 
different boxes were heated was found to be almost the same as in 
the more confined place, where the tests were first made ; showing 
that the amount of heating is not much influenced by the nature of 
the surrounding objects. 

The above readings were shade temperatures ; the boxes were now 
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hung up in sunshine, to see the effect of size on objects exposed to 
the direct rays of the sun. The following table shows the result :— 


Blackened 
Box Box Box 
Clean Bulb. 4" Pc ise. 4” diameter. | 2” diameter. | 4” diameter. 
78° 804° 84° 89°°5 95° 


Objection might be taken to the manner in which the above 
experiment was made. It might be asked, for instance, Was not 
part of the difference of temperature due to the heat received on the 
side of the box next the sun being quickly conducted to the shade 
side, in the small boxes, and carried away by the wind, while in the 
large boxes the heat could only be slowly conveyed to the shade 
side by the hot air in the box? To check these results, I filled the 
large box with a liquid, using turpentine, on account of its small 
specific heat. Placing this box in sunshine, and alongside of it the 
half-inch box, in which was fixed a maximum registering thermo- 
meter, it was found that the large box attained a temperature of 96°, 


while the thermometer in small one indicated a maximum of 85°, : 


thus confirming the result of the previous experiment. 

We might -look on these boxes with attached thermometers 
- simply as thermometers with very large bulbs. We see from 
this that the indications of correct thermometers may vary when 
hung in certain positions, owing to a difference in the size of 
their bulbs. No doubt these are very extreme sizes, still I find that 
the size of the bulbs of the thermometers in general use does affect 
their indications. Selecting two thermometers, one with a large and 
one with a small bulb, I hung them up beside each other under 
the shade, and found that the one with the smallest bulb indi- 
cated a temperature about half a degree lower than the large one. 
I may say that the precaution was taken of checking the readings of 
these thermometers in water at the same temperature as the air. It 


is possible that a difference in the thickness of the walls of the bulbs 


may have caused the large thermometer to absorb more heat than 
the other, but this can scarcely account for the whole difference. 


Not only will the size of the bulbs affect the indications in the — 


open air, but the manner in which the thermometer is mounted will 
VOL, XII. 2-X 
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have an important influence. Anything which prevents the free 
circulation of the air near a bulb, or which comes in contact 
with the air before it reaches the thermometer, will cause it 
to read too high. The system of sinking half of the bulb 
into a wooden frame cannot but interfere with the correctness of 
the indications, save when the thermometer is perfectly protected 
from radiation, and even then it makes the instrument sluggish. 
All thermometers not protected by proper screens, such as those 
used in gardens, and for other rough purposes, ought to have 
the bulb perfectly exposed to the air, and as far ~_ from all 
surfaces as possible. 

To illustrate the effect of size and radiation, 1 may mention that 
when I found that small bodies were cooler and nearer the tempera- 
ture of the air than large ones, I repeated my experiment with the 
horizontal shade and vertical draught tube, but in place of enclosing 
the thermometer bulb in a three-inch tube, a very small one was 
employed, just large enough to allow a current of air to flow freely 
between it and the bulb. The result, however, was that the upward 
current did not quite compensate for the larger size of even this small 
tube, and the thermometer was never quite so low in the tube as 
out of it, and exposed to the wind blowing at the time. No doubt, 
in a calm day this arrangement would have prevented any great 
rise in the temperature, and the arrangement would have been better 
than some screens or than no screen. | 

These experiments, while they indicate certain errors in the 
construction of thermometers, suggest some possible advances and 
improvements. We have seen that the temperature of a body 
exposed tv radiation in the open air is colder the smaller it is. The 
meaning of which is that the smaller a body is, the less effect radiant 
heat has on it, and the nearer its temperature is to that of the air. 
Carrying out this line of thought, we see that if we could construct 
thermometers sufficiently small in the bulb, they would indicate 
neurly the true temperature of the air, and if small enough they would 
indicate nearly the true temperature even in the sunshine. A ther- 
mometer made of a fine wire, for instance, would be well enough 
protected if simply screened from the direct rays of the sun. At 
present I am attempting to get a mercury thermometer made with a 
very fine bulb, which it is hoped will give nearly the true tempera- 
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ture of the air when placed under a sunshade such as that shown in 
fig. 4, but without the louvre box. I regret that the time taken in 


getting a satisfactory instrument of this kind made prevents me ' 


from being able to say how near the indications of such an instru- 
ment will approach the true temperature of the air. 

‘These experiments have also suggested the construction of a 
cheap and simple radiation thermometer, which has been made in 


the following way :—An ordinary thermometer, or a registering one ~ 


by preference, is let into the surface of a thick piece of wood. The 


best size of this casing has not been determined, but it ought to be at 


least a foot square, or, better still, large enough to encase the whole 


stem of the thermometer. ‘The thermometer is let in to such a 


depth that the bulb is level with the surface of the wood. Cement 
is then put in to fill up all inequalities and restore perfect smooth- 
ness to the board. The surface is afterwards blackened. It may 
be mentioned that, in order to make the instrument act quickly, a 
large cavity is cut in the wood, into which the bulb of the 
thermometer is placed, and the cavity is packed with cotton-wool, 
and covered over with a thin layer of the cement. There have 
only been two opportunities for making observations with this 
instrument. On one afternoon it was placed in sunshine, and 
alongside was hung a thermometer with a blackened bulb, but 
exposed to the air. The blackened bulb only rose to a tempera- 
ture of 78°, while the one fitted into surface of the wood rose to 
105°. | 

This effect of the size of the surface of a body in determining the 
-amount of the cooling effect of the air will, I hope, help to explain 
some difficulties. And one cannot help asking here, whether we 
have not in this a suggestion as to the explanation of why it is that 
dust in the sun’s rays, focussed by a powerful lens, escapes being 
burned. It does seem strange to any one accustomed to use a “ burn- 
ing glass” to light cigarette or pipe, that the organic dust passes 
through the focus of his lens without being affected; but the 
moment the focus falls on the solid tobacco, it at once responds 
with a cloud of smoke. Now why is this? Does not the difficulty 
of heating small bodies by radiant heat suggest the answer? It 
is true the conditions are not alike. The small bodies we have 
been experimenting with are comparatively large; and further, a 
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necessary condition is that they are fixed, and that the air moves 
over them, whereas the dust particles move with the air. But 
may not a precisely similar cooling effect be brought about in 
another way? In the case of a very small object, like a dust 
particle, a molecule of air, which has touched it and got heated, 
passes into the widening space outside, and scarcely never returns to 
the dust particle; so that every air molecule that touches the 
particle is cold, and the heat received by the particle is not con- 
served by the heated molecules keeping near it and protecting it 
from contact with the cold ones. In this way the molecular 
movements accomplish for the dust what the mass movements do 
for fixed bodies. 

These experiments also suggest some thoughts regarding the 
thermal experiences of different forms of life. The tiny insect, 
as it sports in the sunshine, is the one above all others which is 
generally supposed to have the greatest enjoyment in the warmth of 
the sun’s rays. From what we have seen, we now however know, 
that it is the one above all others which has the least reason for 
gratitude, as it can scarcely receive any heat from the sun. Let the 
sun shine as brightly as it may, it can scarcely warm toa perceptible 
degree the tiny limbs of these fluttering insects ; and if it will enjoy 
the sun’s heat, it must descend to earth, And what a change does 
it meet with there when it lights on branch or stem of tree! In 
a moment it passes into an atmosphere twenty or thirty degrees 
warmer than the sunlit air in which it delights. On the other 
hand, this immunity from the heating effect of the sun makes life 
possible to these insects under a sunshine that drives the larger 
animals to seek the shade. 


Part II. 
(Added 23rd August 1884. ) 


Since the first part of this paper was written, there has been some 
weather suitable for testing the efficiency of the thermometer screens 
under trying conditions. From the beginning of the month till the 
22nd there were a number of warm, bright, and nearly calm days. 
Under these conditions it is well known that it is difficult to get 
the true temperature of the air; advantage was therefore taken of 


O 
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these exceptional conditions for making a number of test observa- 
tions with the screens. . 

For a standard of comparison, the fan apparatus already described 
was used. The first thing to be done was to test the action and 
efficiency of the draught produced by this fan, In this apparatus 
the vacuum produced is less than } of an inch of water, and the 
current consequently is not very strong. I therefore first compared 
its action with that of a more powerful instrument, the fan of which 
is driven by multiplying gear, and which easily gives a vacuum of 
1 inch of water, and draws a perfect hurricane of air over the ther- 
mometer. Working these two instruments alongside of each other 
in the open air on a bright day, there was not found to be any 
difference in the readings of their respective thermometers ; showing 
that for all practical purposes the draught in the simple apparatus 
gave as correct results as the powerful draught of the more com- 
plicated fan. The only advantage of the powerful apparatus was, 
that it brought the thermometer more quickly than the other to the 
temperature of the air. | 

The readings of the fan apparatus were now compared with those 
given by the sling thermometer. The result was, that whenever 
there was any sunshine, the fan thermometer read lower by one 
degree than the sling, and if the sun was bright the difference was 
more than one degree. I shall presently show why these two 
methods of testing the temperature of the air should give different 
results, and why the sling should read higher than the fan arrange- 
ment; also why the lower temperature given by the fan is nearer 
the true temperature of the air than that given by the other. 

In the following experiments with the screens the fan apparatus 
has been used as a standard, as it is, I think, more correct than the 
sling method, and also because it is much more easily worked. 
Assuming then the fan apparatus as our standard instrument, it was 
fitted up alongside of the screens on a lawn, in a position well pro- 
tected from any little wind that might be blowing, so as to get the 
most trying conditions possible for the screens acting correctly. The 
amount of wind during most of the experiments was very small, and 
generally from the east. At times there was scarcely a breath of 
air, and during the calm periods frequent readings were taken. In 

conducting the experiments, the fan was kept in constant action, 
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and whenever the temperature was at all steady, readings were taken 
of the thermometers in the different screens. 

The result of these tests has been satisfactory. The thermometer 
in none of the screens rose much above the standard, even during 
the most trying conditions of the experiments. The thermometer 
in screen fig, 3, under many conditions read almost the same as the 
standard; but on one or two trying occasions, when the wind died 
away and the sun shone brightly, the error was quite decided, and 
amounted to an average of a little over half a degree. From my > 
notes on these occasions, I see that it read sometimes exactly the 
same as the standard, but at other times it was one degree too high; 
generally, however, the difference was not so great, and gave an 
average of 0°°6. It may be objected that we cannot average errors 
of this kind, because the maximum error may be the true error of 
the instrument, as the maximum temperature to be registered might 
happen just when the error was greatest. From the manner in 
which the experiments were made, it is, however, I think the 
average, and not the maximum that is the true error of the screen. 
The occasions on which the error was greatest was when the 
temperature was changing. The readings were taken while the tem- 
perature was falling ; and as the fan thermometer follows the changes 
more quickly than the screen, it had fallen more than half a degree 
before almost any change was effected in the screen thermometer ; 
so that when the readings were taken the screen thermometer was 
still recording the higher temperature to which it was previously 
exposed. These tests do not show that the maximum of screen 
was ever one degree higher than the maximum of the standard. A 
more correct method of testing would have been to employ maximum 
registering thermometers, and to take the maximum temperature 
indicated during a certain time. This method was intended to have 
been followed, and special registering thermometers were being pre- 
pared, but they were not ready in time for the experiments, which 
had to be made before the hot weather was over for the season. 

The screen shown in fig. 4 has almost exactly the same error as 
screen fig. 3. Though its indications are nearly as true as those of 
the other, yet it does not seem so susceptible of improvement. It 
may be possible to reduce its error by changing the form of the 
screen at the bottom of the draught tube. It can, however, scarcely 


- 


of Edinburgh, Session 1883-84. 679 


be expected to act as correctly as the other, because the louvre 
boards of the screen become heated by radiation, and the air passing 
over them gets warmed before arriving at the thermometer. 

In the construction of screens it is necessary to shade the thermo- 
meter as much as possible from all radiation. It ought not to see 
anything out of its screen. A small amount of exposure even to 
the grass underneath shows its effect in an increase of temperature. 
This could be observed when testing the screen fig. 4. If the bottom 
was taken out of the box, to allow of a freer circulation, the tem- 
perature always rose a little. On the other hand, if the louvre box 
was made too close by the addition to it of complicated louvre 
boards, the flow of the air was retarded, more heated surface was 
given to warm the air before it arrived at the thermometer, and in 
this case also the thermometer read too high. The arrangement 
shown in the sketch is the one which as yet has been found to give 
the best results. The thermometer is so protected that no radiation 
from objects outside can fall directly on it, while the free circulation 
of the air is but little checked. Perhaps an improved form of box 
for this screen might be made of double louvre boards, but as this 
would increase the outside diameter of the box, and consequently 
the amount of surface over which the air has to pass; it would also 
greatly reduce the velocity of the air when no wind was blowing, 
and only the draught tube acting; it is therefore very doubtful 
whether any advantage would be obtained. 

From the experiments on the temperature of large and small bodies 
already detailed, we have seen that large bodies become more 
highly heated than small ones, when exposed either to the direct rays 
of the sun, or only to diffused radiation. From this we get some 
guidance for the construction ‘of thermometer screens. As large 
bodies are less cooled by air passing over them than small ones, 
it follows that the louvre boards in the thermometer box ought to 
be as large as possible, because the air in passing over large louvres 
will carry less heat into the box than if it passed over small ones. 
The large size of the louvres will also prevent heat being conducted 
to the inside of the box. Again, if we wish to lessen the radiation 
from any particular area, we must reduce all objects exposed in 
that direction to as small dimensions as possible, and coat them with 
some: substance which is a good absorber of radiant heat. Blackened 
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wire cloth, for instance, freely exposed to the air, will get but little 
heated even in sunshine, and will neither radiate nor reflect much heat. 

Attempts have been made to improve the working of the screen 
(fig. 3) by cutting off all radiation from the ground. First, a small 
non-conducting screen was fixed horizontally under the tube, but | 
leaving plenty of space for the air to enter freely ; but no decided 
advantage was obtained. Then a small screen was placed in the 
tube, just under the thermometer bulb, to check the radiant heat 
falling on it, but no reduction in temperature was effected. No 
- great advantage can be got from placing a small screen under the 
bulb. If the effect of the upward radiation from the ground is to 
be entirely checked, it must be cut off from the inside surface of 
the tube, as well as from the bulb; as I find that, to get rid of the 
last fraction of a degree above the temperature of the air, it is of 
far more importance to check radiation, than to increase the current 
past the bulb; as a very small amount of radiation is equal to a 
strong current of air, and the changes of temperature in a thermo- 
meter are far more quickly accomplished by radiation than by con- 
tact with the air. These considerations show us that the tube 
surrounding the bulb, in addition to being a non-conductor, ought to 
be made of some substance that has small capacity for heat, so that 
its temperature may change quickly with that of the air; because 
the changes in the thermometer are caused more by the exchange 
of heat with the surface of the tube than by contact with the air 
passing over it. In these instruments the inner concentric tubes 
are made of blotting paper kept in shape by thin metal tubes. 
Hair felt, if it could be got of suitable shape, might be better than 
paper. 

The screen constructed according to the plan shown in fig. 2 
does not give quite such good results as the one made as shown 
in fig. 3. In the former screen the draught tube is of a less 
diameter, and the lower part is less protected by non-conducting 
coats and air passages than the latter. This suggests that the 
fraction of a degree too high, given by the thermometer in screen 
fig. 3, is partly caused by heat conducted: through the lower 
end of the tube, and radiated across the air passages. This sup- 
position has been confirmed by an examination of the air passages 
by means of a thermometer. The temperature of passage next the 
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centre tube was found to be generally about half a degree higher 
than in the centre tube, while the outer passage was often more 
than a degree higher, showing that the lower end of the tube is not 
properly protected. Another screen is therefore being prepared, with 
a more perfect screen protection, a larger draught tube, and more 
concentric non-conducting tubes and air passages, and it is hoped 
this new screen will have a less error. It will be remembered that 
the fan thermometer is, under the conditions during the experiments, 
always about one degree below the sling thermometer, so that screen 
fig. 3 is nearly half a degree nearer the truth than the sling. 

It is only within the last few days that I have been in possession 
of,a Stevenson screen, and been able to make comparative trials 
with it. During these tests its action was compared with the 
fan apparatus, and readings were taken at the same time of the 
thermometers in the draught tube screens. These latter, as already 


stated, had an average error of about 0°°6 too high. The smallest 


error recorded in more than thirty readings of the thermometer in 
_ the Stevenson screen was 1°:3, and it only feil to that on two 
occasions, The excess error was generally more than 2°, and was 
as high as 2°8 on two occasions. The morning on which the trials 
were made was certainly a trying one, but was not so bad as it 
might have been, for the Stevenson screen. The sun was very 
strong, and there was but little air moving; the direction of the 
wind, however, was favourable, being from the north-east, so that 
the air entering the screen passed over the cold louvre boards and 
not over the sun-heated ones. If the wind had been southerly, 
the error would have been greater, as the entering air would have 
been heated in its passage over the hot louvres. These tests were 
made on an exceptional day. On most days, when there is wind, the 
screen gives a much nearer approach to the truth than it did on that 
occasion. By a slight addition to this screen, I was able, when the 
error was high, greatly to reduce it. On those days on which the 
wind blew from a northerly direction, and the air entering the screen 
came in from the cool side of the box, I found the high temperature 
given by the thermometer was due to radiant heat entering the open 
bottom of the box. Either a solid or a louvred bottom has been 
found greatly to improve the correctness of this screen, but whether 
the solid or the louvred bottom is the best has not yet been deter- 
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mined, and whether this addition will work equally well in all 
weathers or not remains to be seen. 


Radiation Thermometers. 


Some observations have been made with the radiation ther- 
mometer already described. In addition to this instrument, another — 
has been prepared. In this second instrument a small circular 
chamber is made in the centre of the black surface, and covered 
with thin glass let in level with that surface. The thermometer 
with its bulb blackened is exposed in the middle of this chamber. 
This instrument always reads higher than the other one in which 
the bulb forms part of the surface. For this reason, it is perhaps 
not so satisfactory as the other, as it possesses something of the 
so-called ‘‘ bottling up” powers of the black bulb in vacuo. These 
radiation thermometers were generally exposed in sunshine while 
the trials with the screens were going on. Their indications, of. 
- course, varied from hour to hour and from day to day. The 
highest temperatures observed were on the afternoon of the 7th 
August, when the thermometer fixed in the black surface rose to 
a temperature of 144°, and the one in small chamber in the black 
surface indicated a temperature of 154°. On the 8th, and on some 
other days, the temperature was nearly as high. When the 
observations were made, the instruments were generally placed 
near the ground with the black surface perpendicular to the sun’s 
rays, and freely exposed to any wind that might be blowing. On 
dull and sunless days these thermometers often read 10° or 15° 
higher than the temperature of the air. 


Thermometers with Protected Bulbs. 


A short time ago, I received one of the thermometers specially 
constructed for the experiments with small bulbs, to which refer- 
ence has been made in the former part of this paper. The 
directions for the construction of this thermometer were to make 
the bulb as long as might be necessary to give the desired capacity, 
but its diameter as small as possible. The bulb of the instrument 
sent is, however, not by any means so small as desired, nor so small 
as it might easily have been made. Owing, however, to an unex- 
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pected change in the manner of working, this defect has not been of 
importance, and the instrument has been found to be very service- 
able. The bulb is very long, being 55 mm. or more than 2 inches, 
and has a diameter at the top of 3 mm. and of 2 mm. at the bottom. 
It is graduated from 0° to 100° Fahr., and has an expansion at the 
top of the tube to prevent bursting when heated over 100°. The 
large capacity of the bulb has given a long and easily read scale, 
there being almost 2 mm. between each degree. 

It may be remembered that this thermometer was constructed for 
the purpose of following up a line of investigation suggested by 
the experiments on the temperature of large and small bodies 
exposed to radiation. It had been found that the smaller a body 
was, the nearer its temperature was to that of the air surrounding 
it, because it was more quickly deprived, by the passing air, of 
the heat received by radiation from surrounding objects ; and there 
seemed reason for supposing that if the bulb of a thermometer was 
smau enough radiation would not heat it to a perceptible degree. 
This thermometer was therefore constructed with the intention of 
seeing how nearly a thermometer with a very small bulb would 
indicate the true temperature of the air. 

Owing to an unexpected change in the development of this 
investigation, but few trials were made with this instrument as 
received from the maker. <A few tests were, however, made. In 
these experiments the thermometer was placed under a horizontal 
sunshade, which protected it from all sunshine, and from nearly 
the whole of the sky radiation. The day on which the experiments 
were made was bright and warm, with a slight air from the east. 
The radiation thermometer already referred to showed a temperature 
of 140° in the sun. Under these conditions, the new thermometer 
always read just about a degree higher than the fan thermometer, 
and was generally more than half a degree lower than another 
thermometer with ordinary sized bulb placed alongside of it. It 
is, therefore, evident that this instrument, though better than 
an ordinary one, cannot be relied on to give the true tempera- 
ture of the air when shaded in the manner described; as it would 
read correctly only on dull days, and be a degree more or less too 
high according to the brightness of the day. If the bulb of this 
thermometer had been made smaller, as ordered, it is possible the 
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error might have been less. Dr Lenz* has recently described an 
application of the telephone to the measurement of temperatures at 
a distance. Dr Lenz connects the observer with the distant station 
by means of a thermo-electric combination of wires, into the circuit 
of which he introduces a silent interrupter and a telephone. If 
the temperature of the junction at the distant station is not the 
same as that of the junction near the observer, a sound is heard in 
the telephones, which ceases when the observer has made the tem- 
perature of his junction the same as that of the distant one. This 
arrangement suggests a method of getting the true temperature of 
the air, by making the thermo-electric junction or junctions of as 
fine wire as possible, and exposing them freely to the air under 
shade at the distant station. In this way we might get as small a 
sensitive surface as it is possible to construct. 

On reconsidering the whole matter at this point, it soon became 
evident that it is hopeless to expect any thermometer of ordinary 
construction, however small the bulb, to give the true temperature 
of the air while it is exposed to radiation. When we consider 
what is taking place it is easy to see why this must be so. When 
radiant heat falls on the bulb of a thermometer, the heat is 
absorbed not only at the surface of the bulb, but all through the 
thickness of the glass, and at the surface of the mercury. The 
inside of the bulb therefore gets heated, and this heat must be 
conducted outwards through the glass before it can be carried 
away by the air. The consequence is, the inside of the bulb is 
hotter than the outside, and the thermometer while exposed to 
radiation must always read too high, however strong the current of 
air may be to which it is exposed. As the absorbed heat requires 
to be conducted to the outside, the inside of the thermometer must 
always be considerably hotter than the air, so long as the radiation 
temperature is higher than the temperature of the air. 

The natural sequence to these thoughts was—cover the bulb with 
something through which radiant heat cannot penetrate; and as it 
would be necessary to use some substance having a small absorbing 
power for radiant heat, silver naturally suggested itself as the most 
suitable material for the purpose. I accordingly coated the bulb and 
part of the stem of the fine-bulbéd thermometer with silver 
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deposited on it, from a solution of the nitrate. By this simple 
process I had now acquired an extremely interesting and curious 
instrument. Its powers of repelling radiant heat, if we may use 
the expression, are very remarkable. | 

My first experiments with this instrument were made in the 
beginning of this month. I first wished to get the heating effect 
of the sun’s rays on this silvered thermometer in calm air; the 
experiments were therefore made in a room, and only enough of 
the window opened to allow the sun to shine in on the thermometer, 
which was placed with its bulb in sunshine. Alongside the 
silvered thermometer was hung an ordinary thermometer, and 
readings were taken from time to time of the temperature of the 
room and of the sun-warmed thermometers. In these tests the 
silvered thermometer never rose more than one degree above the 


temperature of the room, and ‘was often only half a degree, and 


sometimes less, while the other thermometer rose from 4 to 4} 
degrees above the temperature of the room. In these experiments 
it was found extremely difficult to get the true temperature of the 
room with an ordinary thermometer, so much depended on where 
the thermometer was placed, and the amount of radiation that 
reached it, but the result given is as correct as I have been able to 


make it. Another difficulty in making these experiments is the - 


extreme sensitiveness of the fine-bulbed thermometer, it is so 
constantly rising and falling nearly a degree in little more than a 
minute. To give an idea of the difficulty of getting the tempera- 
ture of the room where the experiments were made, I may mention 
the following, as it at the same time shows how much the indica- 
tions of ordinary thermometers are affected by radiation. At one 
stage in the experiments the thermometer employed for giving the 
temperature of the room was hung alongside the other thermometers, 
but provided with a shade which protected it from all direct sun- 
shine. When in this position it was in the same air as the silvered 
thermometer, yet it always read higher, sometimes by nearly one 
degree ; that is, the ordinary thermometer was more heated by the 
radiant heat from the carpet, and other objects in the room on which 
the sun was shining, than the silvered bulb was by the direct rays 
of the sun added to the radiation from surrounding objects. 


The next tests with this instrument were made outside under the 
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ordinary conditions for testing the temperature of the air. The 
thermometer was placed under a sunshade, similar to that shown 
in fig. 4, but without louvre box at bottom, or draught tube at top. 
The stem of the thermometer passed through the sunshade, the 
silvered bulb was freely exposed under the shade, while the scale 
projected through the top of the shade for convenience in reading. 
The bulb was thus protected only from the direct rays of the sun, 
and from the greater part of the sky radiation. The fan apparatus 
was used as a standard as in the test with the screens. It must be 


confessed that the result surprised me not a little, That the readings © 


of the silvered thermometer would be nearly as low as those of the 
fan thermometer, I quite expected; but that they should be 


almost always lower, was sumewhat astonishing. There can be no 


doubt but that it does read lower, but how much it is very difficult 
to say. I have made many and continuous observations with it in 
different conditions of weather, but it always read lower than the 
thermometer in fan draught, when the silver coating was at all in 
good order, the weather bright, and the slightest air of wind moving. 


I have watched the two thermometers for hours under trying con- . 


ditions from calmness and brilliancy of sun, and yet the result was 
always the same. The difficulty of saying how much lower the 
exposed silvered thermometer was than the fan thermometer, arises 
from the extreme sensitiveness of the fine-bulbed silvered thermo- 
meter to rapid changes of temperature. Sometimes it rises higher 
than the other by a fraction of a degree, but only for a very short 
time, and at other times it falls much lower, the changes taking 
place quickly. The thermometer in the fan, on the other hand, 
follows these changes more slowly, and never goes to the same 
extremes. The quickness of this instrument is most interesting, 
and reveals to us a most curious fluctuating state of the temperature 
of our atmosphere. The mercury in it is in a constant state of ebb 
and flow. That these ups and downs really indicate changes in the 
temperature of the air, or rather differences in temperature in 
different parts of the passing air, and are not due either to changes 
in radiation or to variations in the cooling effect of the wind, is I 
think indicated by the fact, that it was always possible, by watching 
the silvered thermometer, to tell whether the thermometer in the 
fan draught was going to rise or to fall, as all its indications 
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were predicted by the silvered thermometer. The changes in the 
fan thermometer are slow compared with the other, owing to the 
shape of the bulb, and to time being required to alter the temperature 
of the air passages, which radiate heat to the thermometer. So 
nearly as I was able to judge from observations made when the 
temperature was nearly steady, the average reading of the silvered 
bulb was about a quarter of a degree below the fan readings. It 
might sometimes be less when the air was calm. 
The silvered thermometer scarcely rose one degree above the 
standard when hung in sunshine during a fine calm day, while 
the radiation thermometer similarly exposed showed a temperature 
of 131°, or 65° above the temperature of the air. 

As a great deal of radiant heat is absorbed by the glass of the 
bulb of an ordinary thermometer, not only at the surface, but all 
through the body of the glass, it seems probable that part of the 
lower temperature indicated by the small bulbed thermometers is 
probably due to this cause; the small bulbs having a less thick- 
ness of glass than the large ones, as bulbs with thin walls will 
absorb less radiant heat than those with thick ones, and will also 
conduct the absorbed heat more quickly outwards to be carried away 
by the air. ; | 

I have frequently referred to the constant fluctuations in the 
temperature of our atmosphere. Now, to prevent any mistake in 
this matter, it will be as well for me to state more clearly the 
amount of these fluctuations. With a thermometer having a large 
bulb, these changes are little noticed; but after one becomes ac- 
customed to the careful reading of thermometers with medium-sized 
bulbs, they become very evident. In the fan apparatus the changes 
on certain days would amount to half a degree more or less almost 
every minute, and in the fine-bulbed thermometer they often 
amounted to a degree or more in the same time. These changes 
take place whether the wind circulation is strong or slight. 

It may be as well for us to consider here why the thermometer 
in the fan draught should read higher than the silvered thermo- 
meter. No doubt the silvered bulb will be a little higher than the 
temperature of the air, but why should the fan give a higher 
reading still? So far as I understand it, part of this higher read- 
ing given by the fan apparatus is due to heat conducted inwards _ 
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through the indraught tube, and radiated to the thermometer ; and 
part is due to the air which enters the tube having first touched the 
outside of the apparatus, and in this way got heated before arriving 
at the thermometer ; while the silvered thermometer is less heated 
by diffused radiation when exposed freely to the air than the 
thermometer in the fan apparatus. 

All these experiments have been made with the silver coating 
deposited on the bulb by chemical means. A comparison of many 
different experiments with different thermometers shows a variation 
in the protecting power of the different coverings due to their 
greater or less thickness, and also to their greater or less perfection, 
and freeness from scratches which remove the silver from the 
glass. In some of the experiments the thermometers had two and 
three coatings of silver put on them, by placing them in successive 
baths; the surfaces of the bulbs being simply washed when taken 
out of one bath and placed immediately in the next. When taken 
from the final bath, some of the bulbs looked dull and dusty, but 
acted quite well, while others were improved by polishing with 
rouge. 

These chemically deposited silver coverings being rather delicate — 
for practical purposes, the next thing to be done was to get a silver 
sheath prepared for the thermometer bulb. This sheath was made 
of thin sheet silver and fitted easily over the bulb, and it also 
covered part of the stem. The silver coating being dissolved off 
the thermometer bulb, the silver sheath was polished, and fitted on, 
and the thermometer tested as before with the fan apparatus. The 
result in this case was not so good as with the chemically deposited 
silver. The readings of the thermometer now almost exactly 
corresponded with those of the fan thermometer; that is, the 
silver sheath reduced the readings 1° lower than the clean glass, 
but gave about 0°25 higher than the deposited silver. These 
higher readings suggested that this sheath was not made of pure 
silver. On inquiry, I found this to be the case; so another sheath 
was prepared, and special precautions taken to have the silver as 
as possible. 

This second sheath was tried on the morning of the 18th, when 
there was a bright sun and almost no wind. As in the previous 

experiments, the thermometer was simply placed under a horizontal — 
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sunshade. The sheath was found to act almost as well as the 
chemically deposited silver, but not quite, its readings being gene- 
rally about 0°:2 below the fan thermometer. As silver has a tendency 
to tarnish, it was thought as well to try the efficiency of gold as a 
protector. Gold is not quite so well suited for the purpose, as it 
absorbs more radiant heat than silver; while silver only absorbs 
3 per cent., gold absorbs 5 per cent. The first sheath which was 
prepared for the thermometer, and which was made of impure silver, 
was gilt with gold, and tested under the same conditions as the pure 
silver sheath. It was found to be not nearly so efficient a protector 
as the silver, its readings being generally about 0°:'2 above the 
fan thermometer, or nearly 0°:4 higher than the pure silver. The 
gold gilt sheath, after being very much finger-marked, made the 
thermometer read nearly 0°°5 above fan, or about half a degree 
better than clean glass, As to whether gold or silver is the best 
for practical purposes can be determined only by continued use. 
Gold has certain advantages, as it will probably keep its protecting 
powers longer than silver; and where frequent cleaning is incon- 
venient, gold may be the most suitable; but when great accuracy is 
aimed at, silver must be employed. 

The action of these silver-coated thermometers is most curious 
and interesting. They never agree with any other thermometers 
when hung alongside of each other in a room into which the sun is 
shining, or in which the gas is lighted ; and even after the windows 
are closed, and shutters shut, or the gas put out, it is long before 
they agree with the others. Like captious critics, they always under- 
estimate the radiations emanating from surrounding bodies, and 
manage to keep themselves cool amidst the heat exchanges taking 
place on every side. If we examine the readings of an ordinary 
thermometer, it is influenced by our presence; and if long in making 
our observation, the heat radiated from cur body may cause the 
thermometer to indicate a temperature half a degree too high ; but 
these silvered thermometers are almost indifferent to our presence, 
while they are sensitive to the temperature of the air. 


Sling Thermometers. 


The sling or “Froude” method of taking observations has 
generally been accepted as the most accurate way of determining 
VOL, 
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the true temperature of the air. The result of the preceding 
experiments seems to indicate that observations taken in this way 
may not be correct, owing to a fundamental error in the construction 
of the apparatus. We have seen that radiant heat is absorbed in 
‘the thickness of the walls of the bulb, and at the surface of the 
mercury as well as at the surface of the bulb, and this internally 
absorbed heat must be conducted outwards to the surface before it 
can be carried away by the air through which the thermometer is 
rushing in its circular flight. There will evidently therefore be 
a heating effect due to radiation, which it is impossible to keep down 
by the cooling effect of the air, and the only question is, what is the 
amount of this heating? Following up the same line of experiment 
as was previously employed to prevent the internal absorption of 
heat by the bulb, and to reduce the surface absorption to a 
minimum, two similar thermometers were selected, the butb of 
one being coated with silyer and the other kept clean. These 
thermometers were firmly tied’ together and slung with as great 
rapidity as was thought safe, The readings of these thermometers 
were then compared with each other, and with the fan arrangement. 
The result of a number of trials was, that when slung in sunshine 
the silvered bulb always read at least one degree lower than the 
clean bulb. Compared with the thermometer in the fan draught, 
the silvered thermometer was a small fraction of a degree higher, 
while the clean bulb was higher by more than 1°. These figures 
of course varied with the heat of the sunshine. 

These experiments show us that the ordinary sling thermometer 
in a bright day is more than 1” too high ; probably it is 14° to 2° too 
high in bright weather, as we must remember that the fan indica- 
tions are not quite down to the true temperature of the air. These 
experiments also show us that the silvered sling is nearer the truth 
by at least 1° than the thermometers generally used. Other 
experiments made at the same time show that slinging the silvered 
thermometer has no advantage over simply placing it in shade, even 
if there is only a slight air of wind moving; this proves that it 
takes all the cooling effect of rushing through the air to counteract 
the heating effect of the sun’s rays. Instead of slinging the two 
thermometers, they were hung up under a sunshade on a day when 
a little wind was blowing; the readings then obtained agreed very 
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nearly with those got by slinging. From other experiments made 
in different states of the weather, it is found that there is not much 
advantage got by slinging the thermometers, either silvered or clean, 
in sunshine, unless there is extremely little wind at the time. Almost | 
exactly the same degree of truth can be got by simply shading the 
thermometer from direct sunshine, and from the sky radiation. 
Another experiment to test the heating effect of the sun on the 
sling thermometer was made in the following way :—An ordinary 
thermometer was placed near the mouth of the suction tube of the 
powerful fan apparatus. First the thermometer was carefully 
shaded from all radiation. The thermometer under these conditions 
- agreed with the thermometer in the sther fan apparatus. The open 
mouth of the tube was now directed towards the sky, so as to allow 
part of the sky radiation to fall on the bulb. The effect was to 
cause this thermometer to read a little higher than the other, and 
when the tube was directed so as to allow the sun’s rays to fall on 
the bulb, its indications were more than a degree above the other 
fan thermometer. This shows us that even a powerful draught of 
air will not compensate for the exposure of the thermometer to the 
sun, and confirms the conclusion we have come to that the readings 
of the ordinary sling thermometer are at least one degree too high. 


Temperature Observations without Screens. 


We have seen that, in taking the temperature of the air, there are 
different methods of operating. First, we may surround the ther- 
mometer with a screen to catch all radiant heat, and prevent it 
falling on the thermometer, as is done in the Stevenson screen 
and in the one shown in fig. 4. The disadvantage of this method 
of working is that the air in passing over the louvre boards gets 
heated before entering the screen, and coming into contact with the 
thermometer ; and though in the screen fig. 4 the louvre boards are 
not heated by direct sunshine, and the circulation is kept up 
independent of the wind, still it can scarcely be expected to give 
correct readings, but. must always be a little too high. A second 
method of operating is to cut off all radiation as far as possible, 
isolate the thermometer from all conducted heat, and bring to it air 
which has never been in contact with any solid, and has not there- 
fore got heated. This method has been employed in constructing 
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the screens shown in figs. 2 and 3. A third method is to reduce 
the absorbing power of the thermometer bulb, and expose it freely 
to the air, so that it may absorb as little radiant heat as possible, 
and make the bulb small, so that the heat received may be carried 
away by the air as quickly as possible. This plan has been adopted 
in the thermometer with silvered bulb. 

In all these different methods of working, the enemy we have 
been contending with is radiation, and though we may have 
succeeded in greatly reducing its influence, yet it must be admitted 
that it has still some power. Seeing then we have been unable 
thoroughly to vanquish our enemy, perhaps the wisest course now 
open to us is to see if we cannot make an ally of it, and enlist it 
in our service. 

We know that large bodies are more highly heated by radiation 
than small ones; we also know that different coloured bodies are 
heated to different degrees by radiant heat. Here then we have 
the foundation of a method of estimating the temperature of the air, 
by observing the difference in temperature, either of different sized 
or of different coloured bodies. For the obvious reason that the 
changes of temperature in different sized bodies do not take place at 
the same time, they evidently are not suitable for our purpose; but, 
on the other hand, different coloured bodies are. If we can find out 
the relation between the absorbing powers of two substances, then 
we can, by simply coating the bulbs of two thermometers with these 
and noting their different temperatures, tell what the temperature 
of the air is. Suppose, for instance, one substance heated the bulb 
of the thermometer twice as much above the temperature of the air 
as the other, then we should only require to take the readings of 
the two thermometers, and subtract the difference between them 
from the lowest, to get the true temperature of the air during the 


day, and add the difference to the highest, to get the temperature at 
night. 


In practically carrying out this plan and selecting the substances 
most suitable for coating the bulb, one great object evidently is 
to get. substances which will not change, and which can be easily 
kept in order. Now in these respects no substance is more suitable 
than glass, and one thermometer ought therefore to be kept with 
its bulb clean. As for the other bulb, something is required 
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which will heat it twice as much as clean glass when exposed to 
radiation. Any other relation in the heating effect would do, but 
twice is the simplest to work with. Black paint is too powerful ; 
but I find that coating one half of the bulb with black paint or 
black varnish works very satisfactorily. The advantage of black 
varnish is that it is fairly permanent, adheres firmly to glass, and 
can be easily renewed if required. The black surface ought not to 
be put all on the same side of the bulb, but should be in at least 
two sections, opposite each other, as the radiation from all directions 
may not be equal. | 

I have found the working of these differential radiation thermo- 
meters very satisfactory, and it is easily done. Suppose, for instance, 
the blackened bulb reads 69° and the clean one 68°, then the 
temperature 67° is easily found. With practice the eye becomes 
quickly accustomed to the working of the instruments, and easily 
gets the true temperature mentally, even when dealing with frac- 
tions. These remarks are true only if the thermometers are correctly 
craduated. If the thermometers are not correct, most people will 
require to note down the readings, and make the necessary correc- 
tions, before adding or subtracting the difference. One point of 
importance is, to be very particular about the reading of the lowest 
_ or clean bulb temperature, in the day observations, as any error in 
it is doubled in the final result. For night observations, it is the 
error in the maximum reading that is doubled, and in this case also 
it is the readings in the clean bulb that have to be most carefully 
attended to. 

For experimenting with these differential readings, I selected 
two thermometers which were nearly correct at the part of their 
scale corresponding to the temperature at the time of the observa- 
tions. These differential radiation thermometers were placed under 
the same sunshade as the thermometer with the silvered bulb. 
This enabled the comparisons to be quickly made, and prevented the 
constantly changing temperature of the air from interfering with the 
results. By watching the differential thermometers till they were 
nearly steady, then rapidly subtracting the difference in their read- 
ings from the lowest or clean bulb, the result generally agreed 
perfectly with the readings of the silvered thermometer, and never 
differed by more than a small fraction of a degree. 
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In working with these differential thermometers, it is not neces- 
sary to screen them from the diffused radiation. Ifthey are simply 
shaded from the sun, it is enough. The principal point to be 
attended to is, that they are placed where there is as free a circula- 
tion of air as possible, and not near any surface on which the air 
might be heated before coming into contact with them. When 
permanently fitted up, the screen required for them should be all 
above the bulbs, and may be of the simplest description sufficient 
to protect them from the weather. Two pieces of wood fixed 
parallel to each other, and with an air space between them, to 
prevent heat descending to the under side of the screen, is quite 
sufficient, and only requires to be securely fixed in a horizontal 
position. The thermometers are placed with their bulbs projecting 
a short distance below the screen, and the scale above it. One of 
the principal things to be aimed at is to secure a free circulation of 
air, and to prevent heated air coming to the thermometers, the screen 
having nothing to do with the diffused radiation, as it is welcomed 
and allowed for by the instruments. 

This differential arrangement may be used for maximum and 
ininimum registering thermometers. So far as the experiments go, 
they seem to give truer readings than most forms of screens; and 
as the air can circulate freely over the bulbs without being heated 
or cooled on louvre boards, the thermometers follow the changes of 
temperature quickly. Further, as the maximum error of a clean glass 
bulbed thermometer under those simple screens is scarcely ever 2”, 
and is more generally only about 1°, the amount of correction 
necessary 1s not great, and can be easily made. 


Night Temperatures. 


But little has been done in observations of night temperatures ; 
no trials of the minimum screen have as yet been made. A few 
trials, however, with the silvered bulb were made on the 19th of 
the month, when the sky was clear and air calm and chilly. The 
experiments were conducted in the following manner :—The two 
thermometers used in the sling experiments, the one with bulb 
silvered and the other clean, were tied firmly together, and prepared 
for sling observations. The thermometers were first slung, and 
their readings taken ; then they were hung up freely exposed to the 


. 
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sky, and clear of all surfaces, and so that air could circulate freely 
over them. After time was allowed for them to acquire their 
respective temperatures, their readings were again taken. They 
were then slung and read, and so on, a number of readings being 
taken when slung, and when hung up. The result was that the 
thermometers read almost alike when slung, but the clean bulb 
always fell more than one degree and sometimes nearly two degrees 
when hung in the calm air. This fall was always nearly regained 
when slung; whereas slinging did not produce any decided effect 


on the silvered bulb, the effect. being so small as to be lost in the 


changes in the temperature of the air. These experiments show us 
that the silvered bulb is as suitable for night as for day observa- 
tions, and that practically it takes up the temperature of the air. 
radiation having but a small effect on it. The differential radiation 
bulbs also seem well suited for night observations; but the bulbs 
require to be coated in a different manner from those used in day 
experiments, as the quality of the heat is then different. 


Conclusion. 


For travellers, these differential radiation and silver coated ther- 
mometers seem to possess special advantages, as they enable the 
observer to get nearly correct readings without screens, because he can 
_ be nearly indifferent to all save direct sunshine, and will be able 
with confidence to expose his thermometers anywhere, in om 
where there is a free circulation of air. 

One result of these experiments is to show us that, even when 
working with our most accurate methods of observation, we have 
been regularly overestimating the temperature of our bright days 
by about one or two degrees, and in some climates this overestimate 
may be even greater. In recording future observations with the sling 
thermometer, it will be necessary to say whether the temperatures 
have been taken with clean or with silvered bulb thermometers, in 
order that the necessary corrections may be made. 

It is no very pleasant conclusion to an investigation such as this, 
to find that it ends in taking a degree or so off the average 
maximum of our summer temperature. Had it been in my power, 
it would have been far more pleasant to add to it a degree or two. 
We may, however, console ourselves with- the idea that we have, 
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so to speak, been simply taking stock of the amount of the world’s 
capital invested in the heat of our atmosphere, and our investiga- 
tion shows us that we have been overestimating this quantity, and 
that the produce of the world is obtained by a less expenditure than 
we supposed. | 


Monday, 16th June 1884. 
EDWARD SANG, LL.D., Vice-President, in the Chair. 


The following Communications were read :— 


1. Abstract of Paper on Micrometrical Measures of Gaseous 
‘Spectra. By C. Piazzi Smyth. | 


[Printed in full, with Plates, in the Transactions. ] 


Ever since the Royal Society, Edinburgh, was pleased to accept 
my paper in 1880, on the general appearance of Gaseous Spectra, 
as seen on a very small scale; but complete on that scale from end 
to end of the visible ein, < have been desirous of presenting 
them with some very highly-dispersed views of the more intricate 
portions of those spectra. 

.An example in that direction was finely set ee MM. Angstrom 
and Thalen in the Upsala Transactions in 1875. But though their 
work was splendid for its day, it is not enough to satisfy the 
demands of theory now. 

These demands, too, are so terribly wait that I have had to 
labour for several years at continual cumulative improvements of my 
private spectroscope, before it attained power and precision enough 
for the present work. This, however, is the — condition 
lately attained. 

My spectroscope of 1880 had a dispersion of 3°, with a magni- 
fying power on the telescope of 10 times; say for the simple eye = 
30° from A to H. | 

The Upsala instrument had a dispersion of 24°, with a magnifying 
power of about the same; say = 600° from A to H. 

But my present spectroscope has 60° of dispersion ; a magnifying 
power on the telescope rising to 36; with a further mechanical 
magnifying of 5 times. Equal altogether to 9000° from A to H; 
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or to the simple dispersive action, as viewed by the unassisted eye, 
of no less than 1800 prisms of dense flint glass. 

‘The result of such an immense prismatic power on a bright con- 
tinuous kind of light, such as that of incandescent carbon, is to 
produce a coloured spectrum strip, virtually 120 feet long, or 
stretching all round the meeting hall of R. S. Ed. And the regions 
or places of its several successive colours will be the places also of 
any lines of the same colours which we may meet with in the bright 
line spectra we are about to observe. 


CH, or Carbo-Hydrogen, in Flame. 


Beginning with the compound gas CH, in its Coal-gas form, and 
burning in a blow-pipe in the open air—very nearly as described to 
this Society by Professor Swan in 1856—the new instrument con- 
firms all his findings, with the addition of further details. 

There are, for example, 5 bands, widely separated from each 
-other—the orange, the citron, the green, the blue, and the violet, 
Each of these bands is intense towards the red, vanishingly faint on 
the violet, side. Each of the first four bands, too, is made up of 
certain strong lines and much interstitial and following haze. 

But the new instrument further shows that each of those strong 
lines is double, and the haze is entirely resolvable into a far minuter 
class of lines or linelets ; excessively close on the red side, but con- 
tinually widening towards the violet. | 

With each of those bands I measured between 80 and 90 of such 
linelets ; and only stopped then, not because any definite termination 
of them was reached, but because they had then become too broad, 
faint, and hazy to justify micrometrical measure being expended 
upon them. | 

A grand constant was however thus obtained, of a useful character, 
for reference in certain disputed questions in spectroscopy. And if 
for sharpness of definition and precision of detail it left much to be 
desired, I endeavoured to supply that by subsequently employing | 
as the illuminant, not flame of any kind, but the well-known electric 
spark of the induction coil. Even this, however, may be sometimes 
insufficient for definition purposes, unless appropriately used ; for 

The simple induction spark, tried on chloride of sodium vapour in 
the open air, though less hazy than flame, was of a crackly, uncertain 
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nature, touching its power and manner of showing the two D lines of 
the solar spectrum. 

The condensed induction spark filled all the field of view with 
continuous fervid glow, and quaking air-bands almost fearful to 
behold. 

But a vacuum tube of Hydrogen, with a trace of sodium chloride, 
showed of the latter only the two D lines, each of them intensely 
bright, exactly defined, without any stray light; and, in short, 

exactly as they should be to serve any case of Micrometical 
measure. 


CH again, but now in Vacuum Tubes. 


Trying the vacuum tube method, therefore, on Coal-gas, the first 
tube, though bright enough, was yet a failure; for it was not bright 
with the coal-gas spectrum, but with a variety of impurities and 
decomposed materials. After this, however, had been got over to a 
considerable extent by increasing the density of the gas put into 
these so-called vacuum tubes from 0:1” to 2°5 inches of Barometric 
pressure, the Citron and the Green bands of CH were produced in 
a condition for examination. They ran quite parallel with their 
blow-pipe congeners, but were far more refined: the linelets being 
often like exquisitely thin spider lines, in place of broad hazy 
threads. But they did not last; for day after day they grew fainter, 
more and more of them became first double, then treble, and then 
faded away, lines of pure Hydrogen coming in their stead. 

The leading Orange band of the CH spectrum was particularly 
difficult to observe, on account of the intrusion of these H lines. 
But after having appealed from Coal-gas to Olefiant gas, and having 
increased the pressure of that up to 4 Mercurial Inches, the cynosure 
was obtained at last, resulting in what may be termed a perfect view 
of the beginning of the CH spectrum, and of that alone. 

There, for instance, was the Orange band, with its leading lines 
brilliant, and its linelets clear and distinct, though continually widen- 
ing in distance apart, but in unbroken series not only to the usual place 
of vanishing but right up to the strong beginning of the Citron band. 

The Citron band’s linelets similarly continued in exquisite perfec- 
tion of gradation right up to the Green band. And the Green 
band’s linelets continued without a break, or an interference, or | 
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foreign intrusion of any kind, right up to the Blue band,—save, 
that shortly before that notable Spectrum milestone was reached, a 
faint, but extensive grey cloud was passed ! 

What could that mean? It proved to be the then broadened or 
hazy condition of the usually sharp line known as Glaucous Hydrogen. 
Minute by minute that cloud brightened and narrowed, while the 
CH linelets continually paled ; and after an hour’s sparking the H, 
of the once CH, had come out in lines everywhere ; while its C was 
deposited as a brown glazing on the inside of the tube; and my 
beautiful example of a perfect CH spectrum was gone for ever. 

But if we bear in mind how H behaved with regard to C therein, 
and compare that presently with the actions of O (Oxygen) in the 
same relation, the experience will be well worth the price paid for 
it. For the chemical interpretation of those spectra is still under 
perfectly radical disputation. 


The CO Spectrum. 


A CO spectrum is easily procured, and with the smallest charge 
of either Carbonic Oxide or Carbonic Acid. Moreover, it remains 
and even improves by use. 3 

At first sight, the CO spectrum is superficially much like the CH, 
inasmuch as it is a spectrum of coloured bands, intense towards the 
red, vanishing towards the violet. But there are more of them, and — 
they have no leading lines in them like the CH, being composed of 
linelets only. 

Moreover, every such linelet is of a different constitution ; for 
while those of CH are weak and semi-transparent like spider-lines, 
the CO are hard, sharp, and densely metallic. 

In fact, in place of both of them being spectra of one and the 
same simple element C (Carbon) as usually held in London, I may 
rather say that we are in presence, before them, of two most opposite 
principles of the physical world. The H, in CH, always trying to 
free itself from contaminations of every earthy matter; but the O, 
in CO, taking hold of everything near it, and of C most particularly. 
Whence it comes that CH tubes generally end in showing only H; 
_ whereas some other tubes, begun with a different gas, end in showing 
nothing but CO. | 

Or if that is a petty scale on which to allude to the actions of 
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universal Nature, let us say with the American Astronomers, that if 
this earth were touched by the Sun, and so sublimated by its terrific 
heat, that in a moment nothing of terrestrial substance would be 
left, except molecules and atoms vibrating in the intense light and 
temperature,—the H lines would be seen above, like a Solar red 
prominence, while the CO would be increasing its domain below. 

But would such a reproduction of Nebular haze bring back the 
Chaos of the Greeks, or a reign of law and numerical order ? 

Let the last Plate of this paper (see Trans. vol. xxxii. part ii.), and 
its view of the beginning of the Green band of CO now declare ; for 
what was mere haze to smaller instruments is here proved by higher 
dispersion, conjoined with improved definition, to be a most curious 
and exact mathematical arrangement of lines, without one missing one. 


Or ELEMENTAL GASES. 


HYDROGEN, 


But if H, in CH, makes the carbon element behave so very 
differently to what it does when in the power of O, as CO,—how 
do H and O behave when single and separate? Let us begin 

with H. 
| Tubes of H vacuum are very bright to the naked eye, and to the 
spectroscope are multilinear all the way along from Ultra Red to 
Violet. I have measured the places of 1625 of them. They form 
generally an open kind of groupings, occasionally exhibiting exqui- 
site specimens of close sharp doubles and trebles, but never enlisted 
into a rigid band system. It is rather a most free and aerial kind 


of atom dance from one end of the spectrum to the other in a pure 
H tube. 


OXYGEN, 


Oxygen, on the other hand, is a poor lighter up; and was declared 
_ by the British Association’s Committee’s Report in 1880 to have only 
4 lines in its spectrum, and those very faint. 

Those 4 so-called lines I have identified readily enough by place, 
and they are the brightest of the faint appearances in that spectrum, 
but there are many others to be noted. Three also of the first 4 
are triples of a very peculiar and uniform formation. They join 
too with three others which I have since discovered, in making a 
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long connected system of rigidly similar triplets, extending all across 
the spectrum from Scarlet to Glaucous. Besides which, the whole 
spectrum commences with a notable Ultra Red line which outflanks, 
or is further towards the invisible red than any line in any other 
gas. 


NITROGEN. 


Nitrogen in vacuum tubes must come in here, for though I may 
have some suspicions that it will be found eventually not to bea 
simple gas, it is practically so to all present science. 

Nitrogen’s tube spectrum then begins only a very little short of 
the Ultra Red line of O; and rapidly rises to remarkable and almost 
continual brilliance in five long and successive groupings of 10 or 11 
bands each. 

This, in a general way, has long been known; but what I have 
now to add, besides the discovery of the earliest or most Ultra Red 
group, is the resolution of these bands into lines; into hundreds 
and thousands of lines finer, sharper, and set more closely together 
than the lines of any other gas. 

A good idea is given of them in the Plates of Orange and Green 
‘“‘N,” now presented to the Society, and like all the other plates are 
reduced copies of my original measures and drawings, lately executed 
for me by Mr T. Heath, the first Assistant in the Observatory, and 
who has remarkable skill and understanding for such work. | 


Or ELEMENTAL GASES GENERALLY. 


If an elemented gas, such as that of Carbon, or of Iron, can only 
exist as a permanent gas at the temperature of the condensed electric 
spark, it can pretty evidently have for us only the one gaseous 
spectrum due to that temperature ; for man knows no other higher 
stage. 

But if it be the case of a gas permanent at all temperatures from 
the lowest to the highest, it may have besides the condensed spark 
spectrum, the simple electric spark spectrum, and also what we may 
call the cold spark, or the auroral spectrum. 

Each of these three spectra too, of one element, must, under appro- 
priate circumstances, have its reversal or double; as from bright 
lines in a dark field to dark lines in a bright field. 
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There are thus 6 conditions under which the spectrum of a per- 
manent elementary gas may be viewed ; but seldom more than two 
or three or these have been observed by any one. 

Thus with Oxygen, the most advanced of all the gases,— 

(1) Its condensed-spark bright-line spectrum has been much 
written on by Angstrom, Thalen, Kirchoff, Bunsen, Hoggins; and 
the dark reversal of some of these lines is now being worked at by 
Professors Liveing and Dewar. 

(2) Its simple-spark bright-line spectrum is what has been 
described in this paper; but the dark reversal of these lines, either 
single or triple, has not yet been accomplished by any one. 

(3) Finally its Auroral, or cold-spark spectrum, though never yet 
seen in the bright form, has been long witnessed unconsciously in 
the dark variety by every one who has ever noted the huge telluric 
black lines in the Solar Spectrum known as A, B, and Alpha; the 
identification of the first two of these lines with Oxygen having 
been recently established by M. Egoroff of St Petersburg, by looking 
through a tube of condensed Oxygen 66 feet long, at a bright con- 
tinuous spectrum of the lime light ; and the structural identity of the 
3rd, with the Ist and 2nd, having been since then most ingeniously 
worked out by M. Cornu. in Paris. 


OF HYDROGEN. 


(1) At condensed-spark temperature, and also in the Sun, H’s 
three grand lines are well known, both in the bright and the dark 
conditions. 

(2) Its simple-spark multilinear spectrum, in the bright state, 
has been described here ; but the reversal is unknown. 

(3) And of its cold-spark, or Auroral spectrum, nothing I believe 
is known either in the bright or dark variety. 


AND OF NITROGEN. | 


(1) At condensed-spark temperature, the report is the same as 
for Oxygen. 

(2) At simple-spark temperature, the bright line form has been 
described in the preceding pages ; but its reversal is unknown. 

(3) And of its cold-spark, or Auroral spectrum, nothing I believe 
has yet been positively ascertained either for bright or dark lines. 
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2. On the Computation of Recurring Functions, by the Aid 
of Chain-Fractions. By Edward Sang, LL.D. 


3. On Extensions of Euclid I. 47. By A. H. Anglin, Esq. 


In Euclid I. 47, it is proved that if regular tetragons be described 
on the sides of a right-angled triangle, that described on the hypo- 
tenuse is equal to the sum of those on the sides containing the 
right angle. This proposition, as is shown in Euclid VI. 31, is 


only a particular case of a more general one; and the object of this 


Paper is to establish the corresponding result in the case of regular 
trigons, pentagons, hexagons, and generally regular figures of any 
number of sides, and finally, in the case of any similar rectilineal 
figures, without the use of ratio and proportion. 


1, The case of regular trigons or equilateral triangles admits of 
an easy and independent proof, somewhat like that of squares as 
given in Euclid; but the following general proposition will enable 


us to establish the case of regular polygons of any number of sides, _ 


including of course these two particular cases :—If zsosceles triangles 


of the same vertical angle be described on the sides of a right-angled | 


triangle as bases, that one on the hypotenuse is equal to the sum = 
the other two. (A.) 


Let G, H, P (fig. 1) be the vertices of isosceles triangles of the 


same vertical angle described on the sides of the right-angled triangle 
CAB; then if D, E, F be 
the middle points of the 
sides, GD and PE will meet 
at F, since the line drawn 
through the middle point 


C 
of the side of a triangle Pk 


the other side. Through H : 
draw HK parallel to GFD, 
or perpendicular to CB. H 
Join FK and GK, and pro- Fig. 1. 


duce them to meet BG and 


AB in M and L Then shall GKL be perpendicular 
to AB. 


| 

| 

M 
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For a circle may be described about the figure HFKB; therefore 
the angle KHB is equal to the angle KFB, SBut the angle HBK is 
equal to the angle FBM, since the isosceles triangles are equi- 
angular; therefore the remaining angle FMB is equal to the 
remaining angle HKB, and is a right angle. Thus K is the ortho- 
centre of the triangle GFB, and the line GKL is perpendicular to 
FB. 

Hence the figure FGKH is a parallelogram, and FG=KH, and 
therefore the triangle GFB is equal to the triangle BHD, since the 
rectangle whose sides are FG and DB is equal to the rectangle 
whose sides are HK and DB. : 

Thus the whole figure GCFB is equal to the whole triangle HCB ; 
that is, denoting the isosceles triangles by A, B, C respectively, 


A+CFB=HNB+CNF +CFB, 
or A=HNB+CNF. | 
Similarly B+CFA=HNA+CNA, 
or B+CNF=HNA. 
Thus A+B=C. 


Now let regular polygons of the same number of sides be described 
on the sides of the right-angled triangle, and suppose R, 8, T to be 
the centres of the polygons. By joining R,S, T to the angular 
points of the respective figures of which they are centres, the poly- 
gons will be divided into the same number of isosceles triangles 
which are equal to one another in each polygon. But, since these 
triangles have the same vertical angle, by what precedes 


ATAB= ARBC+ ASCA. 


Hence the regular polygon described on AB is equal to the sum of 


the regular polygons of same number of sides described on BC and 
CA. 


2. Since the sides of the triangle GDK or of HFI are equal to 
FH, DG and PE respectively, it follows that | 


HF? = DG? + 
But FB? = DB? +CE?, 
Therefore HB?=BG?+PC?, 
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and thus the equal sides of the isosceles triangles are also the sides 
of a right-angled triangle. Now draw a line from B at right angles 
to CB, and let it meet CG produced in J; then the triangle BGJ 
is isosceles, BG being equal to GJ, and is equal to the triangle GCB. 
_ The same being true in the case of corresponding triangles BHO 
and CPQ described on the other side, it follows that 


ABHO = ABGJ + ACPQ. 


But HB, BG, and CP are the sides of a right-angled triangle ; and 
this triangle being equiangular to the triangle ABO, the triangle 
BGJ is any isosceles triangle described on BG. Hence the propo- 
sition follows in the case of equiangular isosceles triangles, one of 
their equal sides being respectively a side of the right-angled triangle. 
(0.) 

The case of similar segments of circles described on the sides 
may be deduced either by the application of result (A) or of (C). 
The latter may be employed by inscribing in the circles, of which 
the described segments are parts, regular polygoris of the same 
number of sides, and joining their centres to the angular points of 
the polygons which are external to the sides of the triahgle. These 
joining lines being the sides of a right-angled triangle, it may be 
shown by (C) that the figure external to AB is equal to the sum of 
the corresponding figures for BC and CA, and therefore, in the 
limit, the proposition follows in the case of the segmerits. 

It may, bowever, be more simply shown by the application of (4) 
directly. Let AB (fig. 2) be the hypotenuse 
of the right-angled triangle ABC, and ADEB 
any segment of a circle described on it. If 
D be the middle point of the arc, the tri- 
angle ADB=sum of the corresponding tri- 
angles by (A). Again, if E be the middle 
point of arc DEB, since DB and the cor- 
responding lines are sides of a right-angled 
triangle, the triangle DEB=sum of corresponding triangles. Pro- 
ceeding in like manner with the arcs DE and EB, it follows finally 
that the segment DEB=sum of corresponding segments. The 
same being true of the segment AFD, therefore the whole segment 


AFDEB =sum of similar segments on CA and BC. (D.) 
VOL. XII. 2Z 


F ig. 3. 


; 
; 
3 
H 
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3. The cases of certain ¢rregular figures, in addition to those of 
isosceles triangles, are then deduced. 

If in fig. 1 a line be drawn from B at right angles to CB, and 
meet CG produced in J, the triangle CBJ is double of the triangle 
CBG. Hence the proposition follows in the case of equiangular 
right-angled triangles, one. of the sides containing the right angle 
being a side of the given triangle ; and hence also in the case of 
similar rectangles described on the sides. (4.) 

Again, it follows from (C), since the perpendicular from the 
vertex of an isosceles triangle on the base bisects the triangle, that 
the proposition is true in the case of equiangular right-angled 
triangles, the Aypotenuses being respectively a side of the given 
triangle ; and also, by doubling the triangles in result (C), it follows 
in the case of rhombuses of the same angle, described on the sides, 
(F.) 

By combining these results we may show the proposition true in 
' the case of any similar triangles described on the sides. 

For, since CJ, the hypotenuse of the triangle CBJ, is double of 
CG, and since CG, and corresponding lines HB, CP, have been 
shown to be the sides of a right-angled triangle equiangular to 
ABC, so also will CJ and its corresponding lines be the sides of a 
similar right-angled triangle. _ | 

Again, the corresponding sides in the class of right-angled tri- 
angle in (/’) are also the sides of a right-angled triangle. For, if 
GU be drawn at right angles to BJ, GUB is such a triangle by 
what precedes. But GU is half of CB. Thus GU and corre- 
sponding lines are sides of a triangle similar to ABC. 

Now, let AB (fig. 3) be the hypotenuse of the given triangle 

ABC, and let the triangle. ADB, right- 

E angled at D, be described upon it. By 

FE result (F') the triangle ADB=sum of 
corresponding triangles on other sides 

of ABC. Produce D, and draw any 

line AE to meet it at E. Then, since 

re 6 AD and corresponding lines are the sides 
Fig. 8, of a right-angled triangle, we have, by 

(£), the triangle ADE=sum of corre- 

sponding triangles. Thus the whole triangle ABE is equal to the 


| 


| 
| 

| 

| 

| 

| 

| 

(* | 
4 JUB7 | 
| 

| 

| 

| 

| 
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Figs. 1-8. Amphiura bellis var. tritonis nov. 
” 4-8. Ophioglypha signata, Verrill. 
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sum of the similar triangles on CA and CB—and this is any tri- 
angle on AB. (G.) 


Finally, if any triangle, AEF, be described on AE, since AE and 
~ corresponding lines are sides of a right-angled triangle, it follows, by 
the result last proved, that the triangle AEF = sum of corresponding 
triangles ; and in like manner for any triangle described on AF. 

Thus the whole rectilineal figure BEF...: A is equal to the 
similar and similarly described figures on CA and BC, which is 
Prop. 31 of Euclid, Bk. VI. (H:) 


It may be remarked that the following two interesting results, 
proved in the case of isosceles triangles, ate true for any similar 
triangles described on the sides of ABC. 

(1) If perpendiculars be drawn from the vertices G and P (fig. 1) 
on the hypotenuse AB, the parts of them intercepted by the sides 
BC and CA respectively are each equal to the altitude HF of the 
triangle on AB, 

(2) If CH meet AB in N, and HF be perpendicular to AB, 

4CGB= AHNB+ ACNF, 
and ACPA= AHNA- ACNF, 
so that ACGB+ ACPA = AAHB: 


When ABC is isosceles, the triangle CNF disappears: 


3. Report on the OruturoibEA of the Farée Channel, mainly 
collected by H.MS, “ Triton” in August 1882, with 
some Remarks on the Distribution of the Order. By 
W. E. Hoyle, M.A. (Oxon.), M:R.C.S., Naturalist to the 
“Challenger” Comtiission. (Plate VII.) 

Some time ago Mr John Murray kindly placed in my hands the 
collected by H.M.S. “ Triton” in the Farde Channel, 
with the request that I would draw up a report upon them, and the 
object of the present paper is to communicate to the Society the 
results of my investigations. 

The collection contains no new species, but one specimen appears 
to be a well-marked variety of Amphiura bellis, Lyman, a species 


| 
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discovered by H.M.S. “Challenger” in the North Pacific. This 
small number of novelties does not, however, imply that the collec- 
tion is deficient in importance, for, owing to the peculiar configura- 
tion of the sea-bed in this region, every dredging in it is of value ; 
and when, as in this case, the physical conditions are carefully de- 
termined at each station, the result possesses a very great interest 
for students of the distribution of animal life upon the globe. 

_ Before proceeding further, I give a list of the species collected 
by H.M.S. “Triton,” arranged according to the stations at which 
they were obtained. 

I have also had the opportunity afforded me by Mr Murray of 
examining the Ophiurids obtained by H.M.S. “Knight Errant,” 
already recorded in the Proceedings of this Society,* and also a large 
proportion of those collected by H.M.S. “Porcupine.” These last 
have been named by Mr Theodore Lyman, but as no list of them 
has yet been published, and as reference will be made to them in 
what follows, I think it well to enumerate them here, although the 
list will be far from complete, for the collection to which I have — 
had access does not contain all the specimens collected by the “ Por- 
cupine,” and especially is it deficient as regards the cruise in the 
Mediterranean in 1870, In a few instances the list has been supple- 
mented by information derived from the published accounts of the 
‘Porcupine ” investigations. 


The figures following each name indicate the number of speci- 
mens caught. 


Tue First Cruise or H.M.S. “ Porcupine,” 1864, 


Off Valentia.{ May 24th. Depth, 110 fathoms. 


Ophiothria pentaphyllum (Pennant), . 20 
Ophioglypha albida (Forbes), . 


Lough Swilley. June 10th. Depth, 13 fathoms, © 
Ophioglypha lacertosa (Pennant), 


* Proc. Roy. Soc. Edin., vol. xi. p. 707, 1882. 

+ Carpenter, Jeffreys, and Thomson, Proc. Roy. Soc. Lond., vol. xviii. 
pp. 897-492, 1870 ; Wyville Thomson, Depths of the Sea, London, 1874. 

t The bottles containing these specimens are labelled, ‘‘ ‘ Lightning,’ off 


Valentia,” but there must be some error in this, for no dredgings were made 
by that vessel in this locality. 


; 

‘ 

| 

| 

i 

i 
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Tne Seconp Cruise or H.M.S. “ Porcuping,” 1869. 


Off Cape Clear.* 
Ophioglypha lacertosa (Pennant), 


Station 34. Lat, 49° 51'N., long. 10°12’ W. Depth, 75 fathoms. 
Bottom temperature, 49°°6 F. (9°°8 C.). Mud, gravel, shells. 


Amphiura Chiajii, Forbes, 
Ophioglypha Sarsii (Liitken) (juv. 
Ophropholis aculeata (O. F. Miiller), . 


Station 37. Lat. 48° 38’ N., long. 12° 8’ W. Depth, 2435 
fathoms. Bottom temperature, 36°°5 F. (2°°5 C.). Globigerina ooze. 


-Ophiacantha bidentata (Retzius), . 
Ophiocten sericewm (Forbes), . 


Stations 39-41. + Lat. 35° 59’-35° 57’ N., long, 5° 27’-4° 12’ W. 
Depth, 517-730 fathoms. Bottom temperature, 47°°0--46°°5  F. 
(13°-3-13°-4 C.), Ooze, sand, shells, 


 Ophiagtis Ballit (Thompson), . 
Ophithrix fragilis (O. F. Miller), . ‘ 


Station 42. Lat. 49° 12’ N., long, 12° 52’ W. Depth, 862 
fathoms. Bottom temperature, 39°'7 F. (4°°3.C.). Ooze, sand, shells. 


Ophiochiton tenuispinus, Lyman, 


Station 43. Lat. 50° I’ N., Tong. 12° 26’ W. Depth, 1207 
fathoms. Bottom temperature, 37°-7 F. (3°:2C.). Globigerina ooze. 


Ophiocten servceum (Forbes), . 


Station 45a. Lat. 51° 1’ N., long. 11° 21' W. Depth, 180 
fathoms. 


Ophiomusium Lymani, Wyv. Thoms., 
* One of the following stations ;—33 (Lat. 50° 38’ N., long. 9° 27’ W. 


Depth, 74 fathoms. Bottom temperature, 65°'2 F. [9°°8 C.]), 34 or 45 a, 
t Proc. Roy. Soc. Lond., vol. xviii. p. 481, 1870, 


| 
| 
| 
| 
| 
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 Ophiothria Liitkeni, Wyv. Thoms., 
Ophioglypha lacertosa (Pennant), (many) 


Tue Tuirp Cruise or H,M.S. “ Porcupine,” 1869. 


~ Btation 46. Lat. 59° 23'N,, long, 7° 4’ W, Depth, 374 fathoms. 
Bottom temperature, 46°°0 F. (7°'7 C,), 


Onhiothrix fragilis (O. F, Miiller), 1* 


Station 47 . Lat. 59° 34’ N ,, long. 7° 18’ W. Depth, 542 fathoms. 
Bottom temperature, 43°°8 F. (6°°5 C.), Globigerina ooze, sand. 


Station 51. Lat. 60° 6’ N., long. 8° 14’ W. Depth, 440 fathoms. 
Bottom temperature, 42° 0’ F. (5°°5 C,). 


Ophiactis abyssicala (Sars), ‘ 
Ophiacantha bidentata (Retzius) . . If 


Station 52. Lat. 60° 25’ N,, long, 8° 10’ W. Depth, 384 
fathoms, ottom temperature, 30°'6 F, (-0°:8 C.). 


Ophiopus arcticus, Lj ungman, , 
Ophiacantha bidentata (Retzius), 
Ophiactig abyssicola (Sars), + 28 


Station 54. Lat. 59° 56’ N., long, 6° 27’ W. Depth, 363 
fathoms. Bottom temperature, 31°:4 F, (-0°:3 C,). | 


Ophiacantha bidentata (Retzius), 

Ophiactis Ballii (Thompson), . . . . . 1 

Ophiomynxa serpentaria, Lyman, _. 
Ophiopholis aculeqta (O. F. Miiller), 
Ophioscolex purpureus, Dijb. and Kor, . 2 


* Possibly the young of O, Liitkeni. 
+ These specimens have six arms, 


1% 
j 
| 
| 
i 
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Station 57. Lat. 60° 14’ N., long. 6° 17’ W. Depth, 632 
fathoms. Bottum temperature, 30°°5 F. (-0°:8 C.) 


Ophioscolex purpureus, Diib. and Kor.,_ . 


Station 60. Lat. 61° 3’ N., long. 5° 58’ W. Depth, 167 
fathoms. Bottom temperature, 44°°3 F. (6°-9 C.). 


Ophiopholis aculeata (0, F. Miiller), 
Station 61. Lat. 62° 1’ N., long. 5° 19 W. Depth, 114 
fathoms. Bottom temperature, 45°-0 F. (7°:2 C.). 
Ophiophohs aculeata (O. F. Miiller), 1 


On the Farée Bank.* 
Ophiothrix pentaphyllum (Pennant),  . 


» fragilis (0. F. Miller), 


Station 65. Lat. 61° 10° N., long. 2° 21’ W. Depth, 345 
fathoms. Bottom temperature, 29°:8 F. (-1°:E C.). 


Gorgonocephalus eucnemis (Mill and Tr.) . 
Ophiacantha abyssicola, Sars, . 
Ophiactis abyssicola (Sars), 

Ophiobyrsa hystricis, Lyman, . 

Ophioglypha Sarsit (Liitken), . 
Ophiopholis. aculeata (O. F. Miller), . 


Station 67. Lat. 60° 32’ N., long. 0° 29° W. Depth, 64 fathoms. 
Bottom temperature, F. (9°°5 C.). 


Ophiopholis aculeata (O. F. Miiller),. . .12 
Amphiura Chiajit, Forbes, 
Ophioglypha Sarsit (Liitken), . 
Ophiopholis aculeata (O. F. Miiller),. . . . 4 
* Either Station 61, or Station 62. (Lat. 61°59’ N., long. 4°38’ W. Depth, 
125 fathoms. Bottom temperature, 44°°6 F. [7°*0 C.]). 


+ The specimens bracketed were contained in a bottle labelled ‘‘ Stations 
67 and 68.” The bottomtemperature of the latter is 44° F. Depth, 75 fathoms. 


| 

| 

| 

| 

} 
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Station 74. Lat. 60° 39’ N., long. 3° 9’ W. Depth, 203 fathoms. 
Bottom temperature, 47°°6 F. (8°°7 C.), 


Amphiura borealis (Sars), 
Ophiacantha abyssicola, Sars, . 
Ophiactis abyssicola (Sars), ,  , 10 


 Ballii (Thompson), . ‘ 
Ophiopholis aculeata (O. F. Miiller), . coe 
Ophioscolea purpureus, Dib. and Kor., 
Ophiothrix fragilis * (O, F. Miiller), j 


Station 77. Lat, 60° 84’ N., long. 4° 40’ W. Depth, 560 
fathoms. Rottom temperature, 29°'8 F. C.). 


Ophiocten sericeum (Forbes), . 
Ophiophotis aculeata (O, F. Miller), . 


Station 78. Lat, 60° 14’ N., long. 4° 30’ W. Depth, 290 
fathoms, Bottom temperature, 41°:5 F. (5°:3 C.). 


Ophiacantha abyssicola, Sars, 


Ophioglypha Sarsii (Liitken), . 
Ophiopholis aculeata (0. F. Miiller), . , 10 
Ophivscoles glacialis, Mill. and Tr., . 


Station 82, Lat. 60° 0’ N., 5° 13’ W, Depth, 312 
fathoms. Bottom temperature, 41°. 4 2 C.). 


Ophiacantha abyssicola, Sars, . 
Ophioglypha Sarsii (Liitken), . , . 8 
Ophiopholis aculeata (O. F, Miiller), . 
Ophtoscolex glacialis, Mill. and Tr., . 
purpureus, Dib, and Kor, , 16 


Station 87. Lat, 59° 35’ N., long. 9° 11’ W, Depth, 767 
fathoms. Bottom temperature, 41°:4 (5°:2 C.). 


Ophioscolex purpureus, Diib, and 
* Possibly the young of 0, Litkent, 
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Station 88. Lat. 59° 26’ N., long. 8° 23’ W. Depth, 705 
fathoms, Bottom temperature, 42°°6 F. (5°:9 C,). 


Ophiacten sericeum (Forbes), (juv.), Tae 


Station 89? Lat, 59° 38’ N., long. 7° 46’ W. Depth, 445 
fathoms, Bottom temperature, 45°°5 F. (7°:5 C.), 


Asteronyx Lovéni, Mill. and Tr., 


Station 90. Lat. 59° 41’ N., long. 7° 34’ W. Depth, 458 — 
fathoms. Bottom temperature, 45°:2 F. (7°:3 C.). 


Amphiura filiformis (O. F, Milller),. . 2 


Ophiacantha abyssicola, Sars (juv.), 
Ophiactis abyssicola (Sars), (juv.), 
Ophioglypha albida (Forbes), . 


Ophiothria fragilis (O. F. Miller), . , 


The Minch, Depth, 60-80 fathoms, 


Amphiura Chiaju, Forbes, 
Ophiothrix pentaphyllum (Pennant), 
 Asteranyx Lovémi, Mill and Tr,, 


om 


Tue or H,M.S, “PorcuPing” IN THE MEDITERRANEAN, 1870, 


Station 13. Vigo Bay, Depth, 220 fathoms. Bottom tempe- 
rature, 52° F. (11° C.). 


Amphiura filiformis (O. F. Miiller),. . . . 45. 


Adventure Bank, South of Sicily. Depth, 30-250 fathoms. | 
Ophioglypha lacertosa (Pennant), . . . . 1 


Tue Cruise or H.M.S. “Triton.” 


Station 1. August 4, 1882. Lat. 59°51’ 30” N., long. 6° 21’ W. 
Depth, 240 fathoms. Bottom, sand and gravel. Bottom tempera- 
ture, 47°°5 F. (8°°7 C.). Dredge. | 


Ophiactis Ballit (Thompson), . 


| 
| 
| 
| 
| 
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Station 2. August 5, 1882. Lat. 59° 37’ 30” N., long. 6° 49’ 
W. Depth, 530 fathoms. Bottom, mud. _— temperature, 
46°:2 F. (8°°0 C.). Trawl. 


Ophiopholis aculeata (O. F. Miller), 


bo 


Station 3, August 8, 1882. Lat. 60° 39’ 30” N., long. 9°6’ W. 
Depth, 87 fathoms. Bottom, sand and shells. Bottom tempera- 
ture, 49°:25 F. (9°-6 C.). Dredge. 


Ophiocoma ngra (O. ©. Miller), . 9 
Ophioglypha lacertosa (Pennant), . . . 
Ophiophotis aculeata (O. F. Miiller), 
Ophiothria fragilis (O. F, Miller), . . . «74 


Station 4, August 8, 1882. Lat. 60° 20’ 15” N., long. 8° 25’ 30” 
W. Depth, 327 fathoms. Bottom, stones. Bottom temperature, 
31°°75 F. (-0°'7 C.). Trawl. | 


Ophiactis abyssicola (Sars), ‘ 


Station 5. August 9, 1882. Lat. 60° 1145” N., long. 8° 15’ 
W. Depth, 433 fathoms. Bottom, hard ground. Bottom tem- 
perature, 43°°5 F. (6°°5 C.).  Trawl. 


Gorgonocephalus. euenemis (Mill. and Tr.), 

Ophiacantha spectabilis, Sars, . 

Ophiactis abyssicola (Sars), 
Ophioglypha signata, Verrill, . genes ‘ 
Ophiopholis aculeata (O. F.. Miiller), 


Station 6. August 17, 1882. Lat. 60° 9’ N., long. 7° 16’ 30” 
W. Depth, 466 fathoms. Bottom, stones. Bottom temperature, 
29°75 F.(-1°'2C.). Dredge. 


Ophioglypha signata, Vervill, 


Station 8, August 22, 1882. Lat, 60° 18’ N., long. 6° 15’ W. 


» 
* 
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Depth, 640 fathoms. Bottom, mud, Bottom temperature, 30° F. 
(-1°0C.). Trawl twice. 


Ophioglypha signata, Vervrill, «© 


Station 9. August 23, 1882. Lat. 60° 5’ N., long. 6° 21’ W. 
Depth, 608 fathoms, Bottom, mud, Bottom temperature, 30° F. 
(-1°0C.). Trawl. 


Ophioglypha signata, Verrill, 


Off Castle Walker, Loch Linnhe, 35-37 fathoms, 


Station 10, August 24, 1889. Lat. 59° 40’ N,, long. 7° 21’ W. 
Depth, 516 fathoms. Bottom, mud. Bottom temperature, 56°25 
F, (13°°55 C.), Trawl. | 


Amphiura bellis, Lyman, var. tritonis, , 1 
Ophiactis abyssicola (Sars), 
Ophioglypha aurantiaca, Verrill, . 35 
Ophiothrix fragilis (O. F. Miller), . 
Young specimens undetermined, pone 


Station 11. August 28, 1882, Lat. 59° 29’ 30” N., long, 7° 13’ 
W. Depth, 555 fathoms. Bottom, ooze. Bottom temperature, 
45° 5’ F. (7°6 C.). Dredge and trawl. 


Amphiura filiformis (O. F. Miller), 
Ophioglypha aurantiaca, Verrill, . 


Station 13, August 31, 1882. Lat. 59° 51' 2” N., long. 8° 18’ 
W. Depth, 570 fathoms. Bottom, ooze. Bottom temperature, 
45°-7 F. (7°-7.C.), Dredge and Trawl. | 

Ophioglypha aurantiaca, Verrill, | 
Young specimen undetermined, 


| 
i 
| 
| : 
‘ 
| | 
| 
| 
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A description of the one new form may be conveniently appended 
here, along with a few notes upon one or two other species. | 


Amphiura bellis, Lym., var. tritonis. (Pl. VIL figs, 1-3.) 


Diameter of disk, 12 mm. Arms, long and slender, 11 cm. 
Width of arm close to disk, without spines, 2mm. Two mouth 
papille on either side; one large trapezoidal at the apex of the 
mouth angle, one of its sides coinciding with the corresponding 
margin of its fellow, the ten papille almost enclosing the circle of 
the mouth ; the other mouth papilla is at the commencement of the 
oral process; is acutely pointed and triangular, and is succeeded 
immediately by a diamond-shaped scale, which covers the opening 
of the first tentacle. A supplementary scale was noticed at one 
mouth-angle (fig. 1). | 

Mouth shields heart-shaped, one subpentagonal. Side mouth 
shields appear to be triangular; they do not project inwards be- 
yond the median shields, and they meet each other in the position 
usually occupied by the first under-arm plate, which is absent. The 
other arm-plates are rectangular, with the inner and outer margins 
somewhat rounded ; farther out on the arms they form an angle, 
so that the plate is hexagonal; the lateral margins straight and coin- 
cident with the attached margin of one of the tentacle scales. Side 
arm-plates slightly prominent where the spines are attached, not 
meeting in the middle line either above or below. Upper arm- 
plates transversely oval, but the proximal margin, instead of being 
evenly curved, forms an angle. 

Disk flat, thin, covered with small swollen overlapping scales, 
which are coarser and radially elongated near the radial shields. 

Radial shields, wedge-shaped, very long, about four times as long 
as wide, pointed at the proximal extremity, truncated distally, 
completely separated from each other, except perhaps at the ex- 
treme outer end, by a median and one or two lateral rows of 
elongated scales. Interbrachial spaces in the under surface covered 
with similar small scales ; three, or sometimes at the proximal end — 
of the arm four, straight tapering bluntly-pointed arm-spines. 

Two tentacle scales, one towards the axis of the arm, elongated, 
semi-oval ; one on the proximal margin of the aperture, shorter and 
more nearly circular. 
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_ Colour, yellowish-grey, with five rather indefinite radial markings 
on the dorsal surface of the disk. 

The typical Amphiura bellis differs from this in having one short 
stout blunt papilla on either side of the base of the mouth angle. 

It has also subtriangular mouth shields, and the lateral mouth 
shields do not meet each other in the middle line. 

- The mouth papille are of a different shape. A first under arm 
bone is present, and the tentacle scales _ first pair are spini- 
form and rather conspicuous. 

This single specimen is worthy of special nition, because the 
species has been only known hitherto from specimens collected by 
the “Challenger” at Stations 174, near the Fiji Islands, and 232 
and 236, off Japan. It is interesting to notice that Asteronyx 
Lovéni is also common to the north European seas and those of 
Japan, and a relation has been traced by Drs Gwyn Jeffreys, 
and Giinther between the mollusca and fishes of Japan and the 
North Atlantic and Mediterranean.* 


aurantiaca, Verrill. 


Ophioglypha aurantiaca, Verrill, poe Jour. Sci. and Arts, vol. 
xxiii. p. 141, 1882. Lyman, Bull. Mus. Comp. Zoél., vol. x. No. 
6, p. 240 (with fig. ), 1883. 

The mouth shield has the inner angle almost a right angle ; 
the outer edge is not nearly straight, but with a re-entering angle. 
The teeth papille are usually four. As in Professor Verrill’s 
specimens, the arms have all been broken; the longest measured 
twice the diameter of the disk. The arm-spines are three; the 
uppermost is the longest, and is a little longer than the arm-joints, 
and the second is about two-thirds the length of the first; the 
third is still shorter; the tentacle-scale is close to the arm-spines, 
and appears to form part of the same series with them; there is 
only one tentacle-scale, except in the proximal portion of the arm, 
where there are two; where this is the case, the outer is spiniform, 
the inner scale like. The margin of the genital slit is finely 
serrated. The two or three proximal tentacle pores have some- 
times three tentacle scales, close beside which are two small spines x 
about equal to them in size. 


* Journ. Linn. Soc. Lond., vol. xii. pp. 100-109, 1874. 
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Average dimensions,—diameter of disk, 12-15 mm.; thickness 
rarely more than 5 mm. 


Ophiactis Ballit. The bathymetrical range of this species is ex- 
tended to 730 fathoms. 

Ophiocten sericeum was dredged by H.M.S, “ Porcupine” at six 
stations, the depths varying from 542 to 2435 fathoms, its bathy- 
metrical range being thereby greatly extended. 

Ophiopholis aculeata. Bathymetrical range extended to 560 
fathoms. 

Ophiothrix fragilis. Bathymetrical range extended to 516 
fathoms, 

Gorgonocephalus eucnemis and Ophtacantha spectabilts are new to 
British seas, | | 

Ophiactis abyssicola. This species has not been previously ob- 
tained in British seas, and its bathymetrical range is extended from 
400 to 767 fathoms. : 

Ophioscolex purpureus. This species is also an addition to the 
British fauna, and its bathymetrical range is extended from 200 to 
767 fathoms. 

Ophioglypha signata, Verrill (Pl. VII. figs. 4-8), was first dis- 
covered by Professor Verrill off the north-eastern coast of the United 
States (100-258 fathoms),* and has again been recorded by Mr 
Lyman in the Proceedings: of this Society (vol. xi. p. 707). As 
no figure of it has yet been published, I have given one on the 
accompanying plate. 

Amphiura filiformis. Bathymetrical range extended to 555 
fathoms. | 


These few matters of systematic and descriptive interest being 
disposed of, we may proceed to discuss the distributional problems 
suggested by the material in hand. The importance of the Farée 
Channel as a field for zoological investigation lies, as is well known, 
in the fact that there are here two areas not far separated, and 
resembling each other in depth and physical conditions generally, 
save only that in one the average temperature of the bottom water 


* Amer. Jour. Sci. and Arts, vol. cxxiii, pp. 218, 220, 1882. 
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is some 10-15° F. higher than in the other. We have thus two 
areas in which all factors influencing the distribution of animals 
are approximately eliminated, save and excepting that of tempera- 
ture, so that here, if anywhere, we may hope for an opportunity of 
determining the influence due to this important factor. 

With the view of investigating this matter, so far as ‘the Ophiu- 
roids are concerned, the table on the next page has been drawn up, 
which includes all the results obtained by H.M.S. “ Porcupine,” 
“Knight Errant,” and “Triton” which are applicable to the 
problem under discussion. In order to render the results strictly 
comparable, only those stations are consideréd which are clearly 
within one area or the other, none, of course, being admitted which 
are at a less depth than the top of the Wyville-Thomson Ridge, 
that is, about 300 fathoms. The depth and bottom temperature of 
each station are given, and the number of specimens obtained at 
each is shown by the figures in the several columns. 

It will be obvious that in attempting to draw conclusions from 
such a table, the utmost caution must be observed ; the numbers are 
so small, that any extensive series of dredgings will be sure to alter 
them very considerably. For instance, the whole of the expeditions 
together, prior to the “Triton,” only obtained one specimen of 
Ophioglyphu aurantvaca, while only three dredgings on that cruise 
yielded together forty-five specimens. 

Still as no further data are at present wrvitabia the best use 
possible must be made of these, it being understood that the results 
are only provisional. It appears then, that while eight species were 
found both in the warm and cold areas, six were peculiar to the 
latter and six to the former. 7 

These facts suggest that there are certain forms which flourish in 
warmer, whilst others are better adapted to colder waters; but in 
order to confirm this view, it will be well to state what is known of 
the distribution, with respect to temperature, of each of the species 
in question in other localities ; unfortunately our knowledge upon 
this point is very fragmentary, because it is only of recent years 
that dredgings have been made, while, at the same time, accurate 
physical observations have been taken, but such facts as I have 
been able to collect are given in the following paragraphs. _ 
Amphiura bellis, Lym., has previously been found only at three 
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TasLe showing the Distribution of the 


WARM AREA. 


PORCUPINE. TRITON, 
1869. 1882. 


StaTION, . «© « | 46| 47 | | 87 | 90] 5 | 7 |} an | ag 


DEPTH, 6 6 1374] 542] 440 | 767 | 458 || 515 | $30]! 530] 433] 516 | 555 | 570 


Bottom TEMPERATURE (C), 


Amphiura bellis var tritonis, | . | . |. |. 


Warm Area only. © 


Ophiactis abyssicola, . | 7] 6] 8] 1]. 


Common to both Areas. 


Cold Area only. 
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“ Challenger” stations in the Pacific, viz, Station 174, bottom 
temperature 3°°7 C. (38°°5 F.); 232, bottom temperature 5° C. 
(40°-4 F.); 236, bottom temperature 2°°8C. (37°°2 F.) In addi- 
tion, it must be borne in mind that the variety here described might 
prove on further examination to be a new species. 

Amphiura filiformis, has not (except in the instances quoted in 
the table) been reported from depths greater than 150 fathoms, so 
that it is presumably a warm water species. 

Ophiacantha spectabilis occurs on the Norwegian coast, but has 
not been met with at depths greater than 100 fathoms. 

Ophioglypha aliida occurs in the British, Danish, and Norwegian 
shallow waters, and has not been known to live at any depth greater 
than 500 fathoms. It is found also in the Mediterranean ; hence it 
is probably a warm water species. 

Ophioglypha aurantiaca, in addition to the. localities sil | in the 
table, has only been observed off Martha’s Vineyard, North-East 
America, and at two of the ‘* Blake ” Stations, depths 466 and 524, 
- and bottom temperature, 40° and 39°:5 F. respectively. 

Ophiothri« fragilis has been obtained at various points on the 
British and Norwegian coasts, from depths not exceeding 150 
fathoms, so that in default of precise temperature observations, 
it may be regarded as a species proper to warm rather than cold 
water. 

Gorgonocephalus eucnemis was found by the “ Willem Barents ” 
at two localities, at both of which the temperature of the water was 
below the freezing point ; and it is also found off the coast of Green- — 
land, so that obviously it has no more claim to be considered a 
warm than a cold water species. 

Ophiacantha abyssicola, occurs off the Lofoten Islands above the 
300-fathom line, which is within the warm area, as determined by 
the Norwegian North Sea explorers. It has also been dredged at 
one of the “ Blake” Stations, E.S.E. of New York, from a depth 
of 304 fathoms. Bottom temperature, 49°:5 F. (9°-7 C.). 

Ophiobyrsa hystricis and Ophiomyzxa serpentaria, have at present 
only been found in the localities noted above. 


Ophiopus arcticus, is known from Spitzbergen and Norway down 
to the 400 fathom line. 


Ophiactts Ballw is found in shallow water off the British and 
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Scandinavian coasts, and in the North Atlantic, 40-50 fathoms ; 
except in the present instance it has not been found below 150 
fathoms, which distribution would seem to indicate that itis a 
denizen of warm as well as of cold areas, and — by rights be 
placed among the species “‘ common to both areas.” 

Ophioglypha Sarsii has also been obtained by the “ Challenger ” 
off the east coast of North America at one station (49, depth 83 
fathoms, bottom temperature 1°‘8 C. [36° F.]), and at four stations 
by the “ Blake,” at depths varying from 44 to 306 fathoms, and 
bottom temperatures 40°°5 to 51°F. It has also been obtained off 
the coast of Greenland, in Smith’s Sound, and off Spitzbergen, so 
that it would appear to be at home both in cold and warm 
waters. 

Ophioscolex glacialts occurs also off Spitzbergen and the Arctic, 
European, and American seas generally. It was dredged by the 
“Willem Barents” at two stations, at both of which the bottom 
temperature was below the freezing point, so that it may be regarded 
as a well-marked cold water species, | 

From these additional data it would seem that the species classed 
as “peculiar to the warm area” have established for themselves a 
fair claim to that designation ; while of those marked “peculiar to 
the cold area,” two (Ophiactis Ballii and Ophioglypha Sarsw) must 
be removed to the category of “‘ common ” forms, 

We have remaining then six forms peculiar to the warm, four 
peculiar to the cold, and ten common to both warm and cold water, 
a result which decidedly favours the conclusion that temperature 
is an important factor in determining the distribution of these 
animals, 


Having ascertained to what extent the Ophiuroid faunas of the 
two areas of the Farée Channel differ from each other, it will be 
interesting to examine how they are severally related (1) to the 
shallow-water forms of surrounding regions, that is to say, to those 
from the British and Norwegian shores down to 200 fathoms; (2) 
to the forms of more northern seas (Greenland, Spitzbergen, Barents 
Sea); ‘and (3) to those inhabiting the cold water off the north- 
eastern coast of North America. 
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(1) Comparison of the Ophiuroidea from the Farée Channel with 
those from the British and Norwegvan Shores. 


Herewith I give a list of the Norwegian Ophiuroidea as full as I 
have been able to compile :— 


ASTROPHYTIDZ. 


B. Asteronyx Lovént, M. 
*+  Gorgonocephalus eucnemis, M. 
“ Lamarckii, M., W. 
B. Lancku, M. 


OPHIURIDE. 


Amphiura borealis, S. 
B. Chiajit, M., W. 
af »  jaliformis, M., W. 
| elegans, M., W. 
*+  Ophiacantha abyssicola, M., §. 


anomala, 8. 
bidentata, W., S. 
spectabilis, W., S. 


+B. Ophiactis Ballir, M., W. 
| »  claviger, W. 
abyssicola, M., W. 
B. Ophiocnida brachiata, L. 
Ophiocoma nigra, M., W. 
*+  Ophiocten sericeum (Ophioglypha gracilis), S. 
B. Ophioglypha affinis, M., W. 


albida, M. 
carnea, M., W. 
B. lacertosa (texturata), M. 
B. robusta, M. 

TB. Sarsii, M. 


B. Ophiopeltis securigera, M. 
*+B. Ophiopholis aculeata, M., W. 
+t Ophtopus arcticus, L. 
+  Ophioscolex glacialis, M. 
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*+B. Ophioscolex purpureus, M. 
*B. Ophtothrix fragilis, M., W. 
* Found in the warm area. + Found in thecold area. *+ Found in both areas. 
M =Sars, M., ‘‘ Oversigt af Norges Echinodermer,” 1861. 


S=Sars, G. O., ‘‘ Nye Echinodermer,” Vid.-Selsk. Forhandt., 1871. 


W=A collection formerly in possession of the late Sir Wyville Thomson, 
believed to have been sent to him by Prof. Sars. 
L= Lyman. 


B= Also belonging to the British shallow-water fauna (down to 200 fathoms). 
Hoyle, Proc. Roy. Phys. Soc. Edin., vol. viii. pp. 185-155, 1884. 


When this list is compared with those given in the preceding 
table, it is found that every form mentioned therein occurs also off 
the Norwegian coast, with the exception of three species (Amphiura 
bellas, var., Ophioglypha aurantiaca, and O. signata) from distant 
parts of the world, and two (Ophiobyrsa hystricis and Ophiomyxa 
serpentaria), described from single specimens in this locality. 

Of those which are also found in the British shallow water it will 
be seen that three are among those peculiar to the warm area, two 
are common, and two are peculiar to the cold area. Of these last, 
however, it must be noted that Ophioglypha Sarsii has only been 
found in British seas in moderately deep water off the Shetlands ; 
and if we exclude this as a doubtful inhabitant of our shallow water, 
it would appear that the British coast forms are more nearly related 
to those from the warm than those from the cold area. 

With respect to the Norwegian coast forms no such relation can 
be traced, which may probably be explained by the fact that 
Norway, with iis great extent of indented coast-line with islands 
and fiords, has a. great variety of physical conditions, and so pro- 
vides fitting homes for creatures of very diverse habit. | 


(2) Comparison of the Farée Channel Ophiuroidea with those from 
| the Arctic Seas. 
The following is as complete a list as I have been able to compile 


of the Ophiuroidea hitherto recorded from the Arctic seas ; that is, 
from Greenland, Spitzbergen, and the Barents Sea :— 


Gorgonocephalus Agassiz, DS., L. 
| eucnemis, H. 
Lamarcku, L, 
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Amphiura Holbdlli, DS., L. 
*+ Ophiacantha bidentata, DS., L., H, 
Ophiocoma nigra, H, | 
*+Ophiocten sericeum, L., H, 
Ophioglypha lacertosa, H. 
nodosa, L. 
robusta, DS., L., H. 
t Sarsii, DS., L,, H. 
*+ Ophiopholis aculeata, DS.,, L,, H, 
Ophiapleura arctica, D., H. 
borealis, Da, 
tOphiopus arcticus, L. 
t Ophioscolex glacialis, L,, H, 


* Found in the warm area. +t Found in the cold area, *t Found in both 
areas, 
D=Dunean, Ann. and Mag, Nat. Hist., ser, 5, vol. ii, p. 266, 1877. 
Da=Danielsen, Nyt Magazin for Naturvid., p. 33, 1877. 
DS=Dunean and Sladen, A Memoir of the Echin. of the Arctic Sea, Lon- 
don, 1881, 


L=Lutken, ‘‘Additamenta ad Historiam Ophiuroidarum,” Vidensk, Selsk. 
Skrif,, Bd, v, p. 28, 1858, and in Arctic Manual, 1875, 
H=Hoffmann, *‘Die Echinodermen gesammelt wihrend der Fahrten des — 


‘Willem Barents,’” Niederlind, Archiy f. Zool., Suppl, -Bd, i, Lief. 3, 
1882, 


From which list it appears that siz of the northern Ophiuroids 
are found also in the cold area, whilst only fo occur also in the 
warm; or, excluding the three species which are common to the 
two areas, we have three species common to the northern seas and 
the cold area, and only one common to these and the warm area; in 
addition to which it must be remembered, that of the six species 
above enumerated as “ peculiar to the cold area,” two (Ophiobyrsa 
hystricis and Ophiomyxa serpentaria) have been found in that 
locality alone, and so are not available for purposes of comparison, 
while of the remaining four three form part of the northern fauna ; 
all these facts show, as elearly as can be expected from such small 


numbers, how much more closely this fauna resembles that of the 
cold than that of the warm area, 
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(3) Comparison of the Farée Channel Ophiuroidea with those 
from the Eastern Coast of North America. 


As regards the north-eastern coast of North America, the dredg- 
ings of the “‘ Blake” and other vessels have made us acquainted 
with a long list of Ophiurans from that region ; of these only such 
as are of importance for the question immediately in hand are 
enumerated in the subjoined list— 


* Gorgonocephalus eucnemis, V. 
*+ Ophiacentha bidentata, B., C., Y. 
tOphioglypha Sarsii, B., C. 
aurantiaca, B. 
signata, V. 
*+Ophiopholis aculeata, B., C., V. 
Ophioscolex glaciulis, B., V. 


* Found in the warm area. ‘+ Found in the cold area. Me Found in both 
areas. 
V=Verrill, Amer. Journ. Sci. and Arts, vol. exvi. p. 373, 1878; vol. 
CXXill. p. 218, 1882. 
B=‘ Blake,” Lyman, Bull. Mus. Comp. Zodl. vol, x., No. 6, 1883. 
C=‘‘Challenger,” Lyman, Zool. Chall. Exp., part. xiv., 1882. 


In the first place, it must be noted that the water in which these 
species were found is not cold as compared with the cold water 3 
of the Farée Channel ; the lowest temperature, that namely of seven 
stations at which Ophiacantha bidentata was obtained, being 38°-39° 
F.; while the remaining stations range from 40}°-51° F., which 
is as high on the average as the greater part of the warm area of the 
Farée Channel. It is seen, too, that whilst five species are common 
to this coast and the warm area of the Farée Channel, just the 
same number are common to it and the cold area. So that we 
have no ground for asserting that the fauna of this coast is more 
intimately connected with the cold area than with the warm; 
indeed, one haul of the dredge might suffice to turn the balance 
either way. 

I understand that the study of other groups of animals has 
shown such a relation to subsist, but we must await further investi- | 
gation for any decisive evidence on the part of the Ophiuroids. 
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The Relation of the Ophiuroid Fauna to the Nature of the Botiom. 


While investigating the “Triton” collection, it occurred to me — 
that results of some interest might be obtained hy attempting to — 
trace the manner in which the Ophiuroids are distributed with 
respect to the nature of the bottom. It was obvious at the outset 
that such an inquiry would be beset with great difficulties, owing to 
the impossibility of entirely eliminating the influence of the depth 
and other conditions, 

As a preliminary step, the distribution lists of Mr Lyman’s 
‘* Report on the Challenger Ophiuroidea ”* were analysed, the indi- 
cations as to the nature of the bottom heing taken from a revised 
list of stations which has been prepared for publication in the 
Narrative of the Cruise of H.M.S,.‘Challenger.’” The results 
are expressed in the accompanying table, in which are given the 
number of dredgings which were made upon each deposit, the number — 
of cases in which Ophiurojds were obtained, and the relation of the 
latter number to the former expressed as a percentage— — 


Vol- Blue ! 


Red | Glop. Red | Pterop. Coral | and 
clay. | ooze. | mud. | ooze. poo mud, | green Tora 
mud. 


Ophiuroids 
found,, .| 5 | 14 | 8 | 4 | 14] 11 | 46 | 120 


Number _ off 
dredgings, .| 38 | 55 1] 10 30 19 79 =| 276 


Percentage,. .| 138 25 | 27 40 47 58 58 43 


The most striking fact presented by this table is that Ophiuroids 
are not commonly met with on those deposits which are charac- 
teristic of great depth, such as the red clay and Globigering ooze ; 
while they are frequent upon the shallower bottoms made up of 
coral mud and the blue and green muds which are composed of 
continental detritus; in other words, it shows (especially when 
taken in connection with the elaborate bathymetrical tables given 
in Mr Lyman’s Report) that, asa rule, the abundance of Ophiuroids is 


* Zool, Chatl, Exp,, part xiv. , 1882, 
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in inverse ratio to the depth, although, of course, it by no means ex- 
cludes the possibility of other factors influencing their distribution. 

It is clear, then, that the only way of obtaining any satisfactory 
evidence on this point will be to take groups of different deposits — 
_of the same depth, and compare them with respect to their richness 
in Ophiurans, In many cases the range in depth of the deposits is not 
sufficient to allow of this ; but in some few instances it is possible. 

For example, dredgings were made on red clay at depths varying 
from 2250 to 3875 fathoms, and on Globigerina ooze at from 1090 — 
to 2650 fathoms; so that we may take for comparison those 
instances of each which lie between 2250 and 2650 fathoms. 

Within these limits of depth the result is found to be— 

Globigerina ooze. Red clay, 
Ophiuroids presentat . . 1 «, Sstations. 
Number of dredgings, 
Whence it would seem that Ophiurans are nearly three times as 
widely spread on the red clay as on the Globigerina ooze. 

These figures are so strikingly at variance with those obtained 
from a consideration of the whole voyage that it is quite clear that 
there must be some flaw in the argument, which is probably to be 
found in the fact that the Globigerina ooze stations under considera- 
tion are the deepest examples of that deposit, while the red clay 
stations are the shallowest ; and from the general law of distribution 
according to depth, above alluded to, we should expect some such 
result as this to take place, 

_ None of the other deposits offer any adequate number of stations 

at equal depths for comparison ; so that it would seem that at present 
we have no sufficient data on which to base any safe conclusions 
as to the influence of the nature of the bottom on the presence or 
absence of these animals, although it is highly probable that such 
an influence is exerted. 

Possibly future investigations may make us acquainted with two 
areas which, being comparable in other respects, differ in the nature 
of the deposits forming their bottoms. 

In conclusion, I must express my indebtedness to Dr P. H. Car- 
penter for a quantity of valuable information from his journal relative 
to the dredgings of H.M.S. “Porcupine,” and to Mr Theodore Lyman 
for his courtesy in answering some questions which I addressed to him. 
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EXPLANATION OF PLATE. 


Figs, 1-3, Amphiura bellis, Lyman, var. tritonis, nov. 
1, Under surface of disk. 
2. Side view of arm. 
3. Transverse section of arm. 


Fi igs. 4-7, Ophioglypha signata, Verrill. 
4. Upper surface, natural size. 
5. Upper surface of disk, 
6. Under surface of disk. 
7. Side view of arm. 
8. Transverse section of arm. 


4, On the Principles of Economics, By Mr Geddes. 
Part V. Psychological. 


Monday, 7th July 1884. 
ROBERT GRAY, Esq,, Vice-President, in the Chair. 
The following Communications were read :— 


1. A Problem on Point-Motions for which a Reference-Frame 
can so exist as to have the Motions of the Points, 


relative to it, Rectilinear and Mutually Proportional. 
By Prof. James Thomson. 


In a paper read in this Society on the 3rd of March last, ‘On the 
Law of Inertia,” &c., I had occasion to adduce for consideration a 
problem to the following effect :— 

Relatively to a reference-frame which may itself have any motion 
whatever (but which is to be regarded as unknown or as disallowed 
for any use in observation or measurement), a set of points are known 
to have motions which are rectilinear and mutually proportional in 
simultaneous progress. From observations or measurements on suc- 
cessive simultaneous configurations of the set of points merely, to 
find a reference-frame relatively to which their motions will have 
that same character. 

On the suggestion of this problem for solution being made to 
Prof. Tait, on the evening of the meeting already referred to, he 
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promptly replied that he could solve it very briefly by quaternions. 
(See ante, page 575, footnote.) I myself soon after succeeded in de- 
vising a solution, and my object in the present paper is to offer that 
solution to the Society. Prof. Tait too, I trust will submit his 
quaternion solution this evening to the Society, 

Let us take the case of three points moving rectilinearly and 
mutuo-proportionally relatively to a frame. Three points are 
enough, but we might use more, and might so bring out varied 
solutions; and besides it may be mentioned here that a distinction 
of importance will be found to exist between the results attainable 
for three points only, and for a greater number than three. This 
will be referred to at a later stage (near the end of the paper, pages 
740 and 741). 

Let these three points to be used be ealled in general A, B, and 
C, irrespectively of changes in their mutual configuration, or in 
their situations relative to any frame. Let us proceed to find a 
frame relatively to which any one of these three points, say the 
point C, shall be at rest, and the other two shall move rectilinearly 
and mutuo-proportionally. Let successive simultaneous situations 
of A and B at instants of measurements be designated as A, and 
B,, A, and B,, A, and B,, &c. We may thus bring into considera- 
tion and into use a set of portable triangles A,CB,, A,CB,, A,CB,, 
and more if wanted, representing severally in forms and dimensions 
the likewise designated original triangles; or, it may be, represent- 
ing the originals in form, while constructed on any convenient scale 
of dimensions. The use of such altered scale is to be understood 
as available if the full original sizes would be inconvenient for use 
in a kinematical diagram, or mechanism, soon to be explained for 
construction or ideal contemplation, After this mere mention of 
allowable change of scale, the explanations will generally be given, 
for brevity and simplicity, as if the lengths of lines in the diagram, 
model, or mechanism, were identical with those of the corresponding 
original lines, rather than on an altered scale. We may denomi- 
nate these several portable triangls in succession as templet 1, 
templet 2, &c. 

Let us place the corners C of the three templets together, and 
take any plane passing through C, and bring the three lines CA,, 
-CA,, CA,, into that plane. Then take a straight line to be called 
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AA, movable in that plane; and, by motions of the lines CA,, 
CA,, CA,, together with the motion of the line AA itself if neces- 
sary, bring the templet points A,, A,, A;, into the line AA. 
Keep, until further notice, the line AA at a constant distance from 
C. This last bondage temporarily applied (that of keeping AA at 
a constant distance from C) is introduced merely as an aid in the 
reckoning of freedoms, end of their successive abolitions, It is not 
essential, and for some possible varied modes of thought it may well 
be omitted. 


The figure here illustrates the arrangement so effected. It is to 


-A 


be understood that we are to suppose ourselves free from any doubt 
as to whether, at the instant of any measurement, the moving point 
A or B, as the case may be, is diminishing or increasing its distance 
from C; for instance, we are to suppose that we are fully aware 
at which side of M in the line AA we are to place the point A, ; the 
the line CM being the line of shortest distance from C to AA. 

Next take another straight line to be denominated as BB, and 
place it passing through B, and B, wherever these templet points 
may happen to be. Then rotate templet A,CB, round its side 
CA, till its side CB,, regarded as an interminate straight line, comes 
to meet the line BB which itself is movable, and may, if necessary 
or desirable, be shifted while retaining the points B, and B, in it. 
This operation may be stated in other words as being the operation 
of bringing the templet line CB, into the plane of B, and B, and C, 
or, what is the same, into the plane of the point C and the line BB 


As 
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A 
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holding in it the points B, and B,. Now, in general, on the accom- 
plishment of this, we shall have the three points B, , B,, and B, , “not 
in one straight line, though all in the plane of B,, B,, andC. (That — 
is to say, the line B,B, will cut the interminate line CB, , but gene- 
rally not in its point B,. But now, rotate templet 1 round CA, or 
templet 2 round CA, till B, kept in the plane B,CB, comes into the 
interminate straight line B,B,, or, what is the same, into the line 
BB. So. now we have attained to the wears, state of things, 
videlicet :— 

Firstly. Line AA is kept at an shila distance from the 
point C. 

Secondly. Three templet points A,, A,, A,, are kept in the 
straight line AA; and three other templet points B,, B,, B,, are 
all situated in one straight line BB. | , 

Under these conditions, without departing from them, and while 
considering the point C and the line AA, and consequently CA,, 
CA,, CA,, as being all at rest, we can move any one of the three 
templets by rotation rourd its line CA; and the other two will be 
bound to move with that one, and to assume fixed places when that 
one is fixed ;—or, in other words, motion or rest of all the three is 
exactly decided by motion or rest of any one templet. 


Two Variep FoR ConTINUATION, 


Having arrived at this stage, we may go forward to accomplish a 
solution by either of two branch methods which will be stated now 
successively. 

Metuop I.—tThe siate of things already arrived at being main- 
tained, if now further we introduce one more templet A,CB,, 
placing its point C to coincide with the C of the previous templets, 
and bringing its point A, into the line AA; and if we rotate this 
new templet round the fixed side CA, as an axis, and move also, if 
we please, or if necessary, the line BB in the freedom it has, and 
carry on either or both of such motions till we get the interminate 
_ line CB, to meet the interminate line BB (that is, in other words, 
till we get CB, into the plane of C and BB) the point B, will not 
in general find itself in the line BB (but BB will meet some point 
of CB, other than B,). Let us, however, while maintaining the 
arrangements or conditions already arrived at, shift the line BBin | 
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the freedom it possesses till B, comes into that line BB, and then let 
us make that conjuncture binding for the future. 

Now all will be clamped or locked completely during a our main- 
tenance of the temporarily employed condition of AA being kept at 
an unchanging distance from C. 

Next release that condition and shift AA to any new distance 
from C, and it will follow that BB will be fixed in a new situation ; 
and, for AA moving, BB will be bound to an exact movement 
accordingly. 

But now introduce one more of the templets, templet A,CB, , 
with its point A, brought into the line AA and kept bound to 
remain in that line, and with its line CB, brought into the plane of 
C and BB. This being done, the point B, will generally not find 
itself in the line BB; but we can shift AA towards or from (C, 
moving consequently the plane CBB and the line BB in that plane 
till the line BB gets B, entered into it. 

Thus all is completely clamped; and the two straight lines of 
‘motion of the points A and B relative to the desired frame in which 
C is at rest, are found relative to each one of the configurations 
ABC at the successive instants of the measurements. But those 
past configurations of the points A, B, and C, are already lost to 
us; and so we must proceed to find the lines AA and BB relative 
- to one or more future configurations of those three points which are 
the only things that are to be available to us to make measurements 
from. It is here to be distinctly noticed that the lines of motions 
AA and BB, being fixtures in the desired frame, may perfectly well 
be accepted as constituting that frame; or even one of them along 
with the point C (which is also a fixture in the desired frame) might 
equally well be accepted as constituting the desited frame. 

Now we have to observe that, from the nature of the data, and of 
the operations performed in the kinematical model or mechanism, 
and result arrived at in it, it must be the case that the lengths 
A,A,, AsA, &., and B,B,, B,B,, B,B,, &c., found in the 
model as reprrsentatives of simultaneous travels of the real points 
A and B relative to the desired frame, must be mutually propor- 
tional. Hence, by continuing forward for the future a like propor- 
tional division along BB for any arbitrarily marked graduation 
along AA, we can by measurements from the model foretell future 
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instantaneous configurations of the points A, B, and C, and the 
situations of the fixed lines of motion AA and BB relative to those 
future configurations. So at any future instant when one of those 
prophesied configurations arrives, wa shall have the means of speci- 
fying relative thereto the lines AA and BB; and these, as already 
explained, are to be accepted as the desired frame ; that is, as being 
a frame accomplishing all the requisites of the problem. 

Metuop II.—Reverting now to the stage arrived at just before 
our commencement of branching out into the two varied methods, 
and maintaining the state of things there attained to, we may pro- 
ceed by a second alternative method as follows :—It is to be recol- 
lected that, in the state of things attained to, we have three templet 
points A,, A,, Ag, all in one straight line AA; and three other 
templet points B,, B,, B,, all situated in another straight line BB ; 
and that, while keeping the line AA at a changeless distance from 
the point C, and regarding the line AA and the point C as being at 
rest, and consequently regarding the points A,, A,, A,, as being also 
all at rest, we can keep moving the line BB, in the one freedom it 
possesses, and so we can alter continuously the distances B,B, and 
B,B,, and we may readily further see that we can alter continu- 
ously the ratio of either of these distances to the other. So let us 
ordain the requirement that we are thus to keep moving the line 
BB in the freedom it possesses till we attain the condition that :— 

As A,A, : B,B,:: A,A, : B,B,. 
For the purpose of accomplishing this requirement we may use 
(ideally at least) a mechanism of parallel rulers or parallel pro- 
jectors, &c., which will now be briefly described. For guidance in 
geometrical principles towards formation of the conceptions intended, 
imagine a straight line placed intersecting the lines AA and BB. 
Let us name this line as the transversal, or refer to it as the line 
TT. Imagine the points A,, A,, A;, to be projected to the trans- 
versal by parallel projectors; and imagine the points so found on 
the transversal to be further projected to the line BB. Call the 
_ points so found on BB, the points 5,, 6,, 6,, in correspondence 


with A,, A,, A,, from which they have been respectively derived 
Now obviously we have by geometry, 


A, Ay : AyAg 


| 

| 

} 

| 

| 
| 
I 

| 
| 

| 


796 Proceedings of the Royal Society 


Further it may easily be seen that we can gradually change the 
directions (or clinures) of the two sets of parallel projectors until we 
get the point b, to coincide with B,,and maintaining that coinci- 
dence we can go on changing the directions of both sets of parallel 
projectors till we get also 6, to coincide with B, This being done — 
we can, by observing whether or not 6, coincides with B, ascertain 
whether or not it be the case that A,A,: B,B, :: A,A, : B,B,. 
The general principle thus indicated can be applied to the case 
immediately before us in a simplified combination by choosing 
to make the transversal pass through the points A, and B, 
as in fig. 2, where TT represents the transversal. The figure 


Fig.2. 


bg 33 

B 
is to be understood as being a pictorial representation on 
the paper, of lines and points not themselves situated in the 
plane of the paper, and not all existing in any one plane, Then 
take a pair of straight lines kept parallel by mechanism (as for 
instance is the case in some commonly used kinds of parallel rulers) 
and place one of these lines so as to pass through A, and B, and 
make the other pass through A,. This second line being parallel 
to A,B, (see fig. 2) must be in a plane with it and with the line AA 
and consequently with the transversal. So it meets the transversal. 


Ai 
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These two parallel lines are represented in the figure as A,B, and 
A, t,. So now we have, in the figure, 


A,A, : B,t, :: A,A, : B,A,. 


Take two other straight lines kept parallel by mechanism, and 
place one of them across from #, to B, and make the other pass 
through A,,and then it will necessarily meet the line BB. So 
these two parallel lines will be represented in the figure as ¢,B, and 
A,b,; and we shall have :— 


A, A, B,B, A, As B,6 


Now in general it will result that 5, so found will rot coincide with 
By; but let us now keep the lite BB moving in the freedom it 
possesses, and keep the two paits of parallel lines maintaining the 
conditions tu which they have been set, and continue the motion 
until the points 6, and B, conte to coincide, and bind these two 
points to remain together ; or; in other words, bind the line A,,, 
when brought to pass through the point B; hitherto movable along 
the line BB, to continue holding the templet point B,. Thus all will 
be clamped as long as the temporarily imposed condition of change- 
less distance from the teniplet point C to AA is maintained. 

But if now we change that distance, and fix on a new changeless 
distance instead, while maintaining all the conditions already 
attained to, the whole system will take up a new configuration and > 
will become clamped therein. 

Or we might express this by sdying :—Fix AA at an altered dis- 
tance from C, and by going through the same process as before we 
get one fixed configuration for the whole system. So if we relax 
the condition of changeless distance of AA from C, the whole 
system has one and only one freedom. 

For the next step we do not require another complete templet. 
We may use merely the lengths CA, and CB, got by measurement. 
That is let us have a portable triangle with two sides CA, and CB, 
given, but the angle between them left unknown, and that, for our 
present operations, is the same as to say :—left variable. Put the 
vertex ©, or joint ©, of that portable triangle at the point C of our 
model. Bring CA, into the plane CAA, and swing it round till A, 
comes into the line AA. Also put the rod or bar CB, into the 
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plane CBB; and swing it round till B, comes into the line BB. 
This being done, the proportionality wanted, 


that. ~A,A,: :: : BB, 


will generally not have been instituted. But now, while maintain- 
ing all the conditions already attained to, move AA varying its 
distance from C, till that proportionality takes place as indicated by 
the mechanism of parallel rulers, &c., already used, but with some 
obviously necessary additions sufficiently suggested by the explana- 
tions already given. Now the whole system becomes clamped, and 
the problem is solved, or the rest is easy as in Method L, the two 
straight lines AA and BB, being lines fixed in the sought-for frame, 
and it being possible to find them for any prophesied future con- 
figuration of the set of three points A, B, and C, as has been ex- 
plained at the close of the explanations for Method I. 
It becomes now convenient and desirable to examine into some 
questions as to how many distinct elements of data from measure- 
ment, or how many ascertained conditions from measurement, are 
required for the solution of the problem; and as to whether there 
are more essentiaily distinct solutions than one in various cases of 
the number of points used and the number of conditions from 
measurement ascertained. | 
It is to be recollected, as was pointed out. near the end of the 
explanation of Method I. that the lengths A,A,, A,A;, A,A,, &c., 
and B,B,, B,B,, B,B,, &c., found in the model as representatives of 
simultaneous travels of the real points A and B relative to the 
desired frame, must be mutually proportional. But the conditions 
of this mutual proportionality have been left unused in the solution, 
and so we may see that in Method I. we have used redundant data. 
It is to be understood that the introduction of any one complete 
templet brings in just ¢wo not three new conditions. Though for it 
there are three sides measured, yet the only conditions thereby 
ascertained are that when some one side has a certain stated length, 
a second side has another ascertained length, which is one condition, 
and that also at the same instant the third side has another ascer- 
tained length which is another condition ; and this makes with the 
previous one only ¢wo in all, 
In Method I. after the stage up to which the procedure is 
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common to both Methods I. and II.; we have—(a) templet 4 intro- 
duced involving two additional conditions from measurement, and 
(>) templet 5 introduced, involving two additional conditions from 
measurement. So in respect to these two templets 4 and 5 we 
have four conditions introduced. | | 


And in the whole of Method I. there are the following known 
conditions unused :— 


BB, BB, 
That A, a AA, A, + 
B,B,_ B,B, 
B,B, B,B 
and that = 
iA, A,A; 


That is, in all, three known conditions unused. So instead of 
ascertaining 4 conditions by measurement and neglecting 3, we 
might get the result by 4—3, that is one new condition from 
measurement. Now in Method II. we do demand from measure- 
ment just one new condition, and we have no redundant informa- 
_ tion. The one new condition so introduced is the condition brought 
into use by the incomplete templet 4; videlicet, that when CA 
has a certain stated length CB has another certain ascertained 
length. 

So, on the whole, in Method I. we have from measurement 5 
templets supplying two conditions each, that is, we have 10 condi- 
tions from measurement; and, as shown already, we are thus 
supplied with 3 redundant conditions; and so 10-3 or 7 con- 
ditions from measurement, or independent data, must somehow be 
enough. 

Passing to Method II. we see that in it we have 3 complete tem- 
plets supplying 6 conditions, and 1 incomplete templet supplying 
1 condition; and we have got no redundant conditions; but we 
have just 7 conditions found necessary and brought into use. 

So the two methods agree in showing that the number of inde- 
pendent conditions from measurement necessary to be supplied is 
seven. 
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There is yet a curious matter which I have to adduce for conside- 
ration. Many matters of interest may indeed remain for further 
consideration or for mathematical investigation in connection with 
this subject ; but I do not at all profess to exhaust the subject, and 
I shall only be glad if it be found that I escape from offering in- 
advertently any importantly erroneous views. 

What I do propose now further to put forward is some scrutinies 
as to whether the problem entered on, in some of its varieties, 
admits of duplicate gp multiple results for accomplishing its condi- 
tions ; and to open out some views in relation to this matter which 
appear to be true and to be of interest. 

It is to be noticed that when we begin putting instars our templets 
for the kinematical model or mechanism for three original moving 
points A,B, and C, we have no means available for knowing on 
which side of templet 1 we are to place the point A, of our templet 
2, and on which side of the same we are to place the point B, of 
our templet 2. Further, it is to be noticed that, under the restric- 
tion of our measurements being confined to three of the original 
points only, we have no means whatever for making the extra 
measurements, or taking the extra observations that would supply 
us with means for choosing one side rather than the other of tem- 
plet 1, as that on which we ought to place either A, or B,. To 
help our conceptions let us imagine among the original moving 
points a reference frame relative to which the original point C shall 
be at rest and which shall have no rotation relative to the original 
secret frame ; and let us name this as the wice-original frame and 
designate it briefly by the letter @. Let us imagine the original 
triangular plane ACB as having one of its two faces red and the 
other blue ; and imagine its face which at the point A is anterior in 
its motion relative to the vice-original frame to be red, and the one 
which at that point is posterior to be blue. In respect to this it is to 
be noticed that the red face thus specified though anterior at A may 
happen to be the posterior one at B: but this need not give us 
trouble, and for brevity we may speak of the red face which at A is 
anterior as being ¢he anterior face. Let the faces of all the templet 
triangles be coloured red and blue correspondingly. 

By going forward with considerations readily suggested by what 


_ has just been set forth, we may obviously find that the process of solv- 
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ing the stated problem for the case of only three original points by the 
kinematical mechanism can bring out two straight lines AA and BB 
really at rest relatively to the vice-original frame, and consequently 
having all their points either at rest or moving rectilinearly and 
mutuo-proportionally in relation to the original secret frame: and 
further that the same process of solving the stated problem can 
bring out another real true solution in finding two straight lines 
which we may call A’A’ and B’B’ which will be the images of AA 
and BB in a plane mirror whose plane always passes through 
the three points A, B, and C. The two straight lines A’A’, B’B’ 
so found may be taken as lines fixed in a frame which we may 
designate as ®', and which will rotate relatively to the vice- 
original frame ®, as also relatively to the original secret frame. 
Now, as the motion of the original points goes on making their 
distances apart increase unlimitedly, this relative rotation between 
the frames ® and ® will be becoming evanescent, and the two 
frames will be approaching unlimitedly towards relative rest. So 
the solution which brings out the frame ®’ approaches ultimately 
to identification with that which brings out the frame @ which is in 
agreement with the original secret frame. 

Hf now instead of using the three points ©, A, and B, we use a 
different group of three points C, A, and D, these will bring out 
for us as solutions two frames ® and ®”, of which the one ® will 
be identical with the frame ® already found by the three points C, 
A, and B. It follows from this (and it seems very obvious that it 
could be brought ont in various other ways), that for four original 
points no frame in general could be brought out as a solution except 
one in agreement with the original secret frame; that is to say, a 
frame either at rest relatively to. that original frame, or having all 
its points moving rectilinearly and mutuo-proportionally relatively 
to that original frame. One reason which seems very decisive in 
favour of this conclusion is :—that if any three of all the original 
points be retaining their distances apart unchanging, then these 
three will themselves constitute a frame ® which will be in agree- 
ment with the original secret frame: and then for any other one or 
more of the original points taken along with these three, no frame 
will be possible to serve as a solution except such as shall be in 
agreement with that one. 
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POSTSCRIPT. 


The ideas noted in what follows had not completely occurred to 
me till after the evening of the meeting of the Society when the 
paper was read, and a suggestion towards their development came 
from Professor Tait’s paper of the same evening ‘On Reference 
Frames.” Thus it seems suitable to annex them here as a postscript. 

It may be noticed that in the case referred to in the last sentence 
of the paper just before this postscript—the case of three original 
moving points retaining their distances apart unchanging—the method 
of procedure employed throughout the paper would collapse because 
the points A and B would be at rest relatively to the vice-original 
frame, and so the straight lines of motion AA and BB previously 
used would become only two points. Yet a solution is in this case 
even more readily available than in the previously considered cases, 
It thus becomes desirable to find some way of harmonising the two 
modes of thought or of procedure so as to bring them. into connec- 
tion ; rather than to be content to suppose that, in passing from one 
to the other, we ‘should have quite to abandon the one mode of 
thought, and take up another and quite unallied mode instead. 

A satisfactory connection between the two presents itself, if, 
instead of taking from the kinematic model only the lines of motion 
AA and BB, as the basis for our desired frame, we take from that 
model also the points A, and B, on those lines, getting them known 
by measurement of their distances from any future points A, and 
B,, so that when, among the three original points A, B, and C, 
the particular configuration A,CB, found in anticipation from the 
model shall come to exist, the old triangular frame A,CB, shall 
become known to us relatively to the then existing frame A,CB, . 
In this way of procedure, the solution, for the case of A and B 
being, as well as C, at rest in the vice-original frame, will come out 
simply by the distances A,A, and B,B, being each zero in length, 
and by the concomitant of this, that the old frame A,CB, is to be 


found as being coincident with the new momentarily existing and 
known frame AnCB,. 
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2. Note on Reference Frames. By Professor Talr. 


As I understand Prof. J. Thomson’s problem (anté, p. 568) it is 
equivalent to the following :— } 

A set of points move, Galilei-wise, with reference to a system of 
co-ordinate axes; which may, itself, have any motion whatever. 
From observations of the relative positions of the points, merely, 
to find such co-ordinate axes. i 

It is obvious that there is an infinitely infinite number of possible 
solutions ; because, if one origin moves Galilei-wise with respect to 
another, and the axes drawn from the two origins have no relative 
rotation, any point moving Galilei-wise with respect to either set of 
axes will necessarily move Galilei-wise with respect to the other. 
Hence any one solution suffices, for all the others can be deduced 
from it by the above consideration. | 

Referred to any one set of axes which satisfy the conditions, the 
positions of the points are, at time ¢, given by the vectors 


a, + B,t for A, a,+ Apt for B, &c., &e. 


But it is clear, from what is stated above, that we may look on the 
pair of vectors for any one of the points, say a, and £, for A, as 
being absolutely arbitrary :—though, of course, constant. We will, 
therefore, make each of them vanish. This amounts to taking A as 
the origin of the co-ordinate system. The other expressions, above, 
will then represent the relative positions of B, C, &c., with regard 
to A. | 

The observer on A is supposed to be able to measure, at any 
moment, the lengths AB, AC, AD, &c.; the angles BAC, BAD, 
CAD, &c.; and also to be able to recognise whether a triangle, such 
as BCD, is gone round positively or negatively when its corners are 
passed through in the order named. What this leaves undetermined, 
at any particular instant, is merely the absolute direction of any 
one line (as AB), and the aspect of any one plane (as ABC) passing 
through that line. These being assumed at random, the simul- 
taneous positions of all the points can be constructed from the per- 
missible observations. But it is interesting to inquire how many 
observations are necessary; and how the Bs depend on the as. 
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Thus, at time ¢, whatever be the mode of measurement of time, 
we have equations such as follows:— 


d= 03+ 288, . t+ 


b= + S(ag + 1+ 
C= 03+ 28a,8, t+ 


For any one value of ¢ we have n equations of each of the lst and 
3rd of these types, and n(n —1)/2 of the 2nd, x +1 being the whole 
number of points. In all, n(n +1)/2 equations, 

The scalar unknowns involved in these equations are (1) the 
values of +; (2) a3, a5, (3) Bo, Bs, &e.; (4) Sagas, &e.; (5) 
BB.B,, &,; (6) &e.; and (7) S(a.8;+ Bas), 
Their numbers are, for (2), (3), (6), each; for (4), (5), (7), 
n(n—-1)/2 each; in all 3n(n+1)2. Suppose that observations are 
made on mm succeasive occasions. Since qur origin, and our unit, of 
time are alike arbitrary, we may put ¢=0 for the first observation, 
and merge the yalue of ¢ at the second observation in the tensors of 
B., Bz, &e, This amounts to taking the interval between the first 
two sets of observations as unit of time, Thus the unknowns of 
the form (1) are m-—2 in number, There are therefore 


mn(n + 1)/2 equations and 3n(n+1)/2 +m —-2 unknowns. 


Thus m=3 gives an insufficient amount of information, but m= 4 
gives a superfluity. 

In particular, if there be three points only, which is in general 
sufficient, 3 complete observations give 


9 equations with 10 unknowns ; 
while 4 complete observations give 
12 equations with 11 unknowns. 


Thus we need take only two of the three possible measurements, at 
the fourth instant of observation, 

The solution of the equations, supposed to be effected, gives us 
among other things, af, ag, and Sa,a,. Any direction may be 
assumed for a,, and any plane as that of a, and a, Fom these 
assumptions, and the three numerical quantities just named, the 
co-ordinate system required can be at once deduced. 
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This solution fails if (Sa,a,)? = 0303, or TVa,a,=0; for then 
_ the three points A,B,C, are in one line at starting. But this, and 
similar cases of failure (when they ave really cases of failure) are 
due to an improper selection of three of the — We need not 
further discuss them. 

But it is interesting to consider how the vectors B can be found 
when one position of the reference frame has been obtained. Keep- 
ing, for simplicity, to the system of three points, we have by the. 
solution of the equations above the following data :— 


Sa,f,=6, = + Aya) =f, TA, =9, TB,=9', 


where @, e’, f, 9, g’, & are known numbers ; which, ag the equations 
_ from which they were derived were not linear, have in general more 
than one system of values, The second, third, and sixth of these 
equations give : 


Provided f, is not coplanar with a,,a,, this equation gives, by the 
help of the fifth above, a surface of the 4th order of which B, is a | 
vector. But , is also a vector of the plane Sa,8,=e, and of the 
sphere TB,=g. Hence it is determined by the intersections of those 
three surfaces. 


But if S . a,a,8, vanishes, the equation above gives (by operating 
with . Va,a,) 


which gives a surface of the second order (a hyperbolic cylinder) in 
place of the surface of the fourth order above mentioned. This 
may, however, be dispensed with :—for #, is in this case deter- 
mined by the planes Sa,8,=e and S.a,a,8,=0, together with the 
sphere TB, = 


3. Note on the Occurrence of Drifted Trees in Beds of Sand 
and Gravel at Musselburgh. By James Geikie, LL.D., 
FE.R.S, 


I am indebted to Mr William Robertson for calling my attention 
to the interesting phenomena which form the subject of this 
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communication. Some months ago he showed me at his works, 
Haymarket, the trunk of a large oak which had been obtained from 
beds of sand and gravel in his property at Olive Bank, Mussel- 
burgh. The wood was very dark in colour, and in a fine state of 
preservation. It was, in fact, in process of being sawn into planks, 
from which a number of useful and ornamental articles have since 
been made. The trunk was perfectly straight, showing no appear- 
-ance of branches, and when first uncovered measured 31 feet in 
length, having a diameter of 2 feet at the butt end close to the 
roots, from which it tapered upwards very gradually. The portion 
seen by me in Mr Robertson’s premises had been more or less 
scraped by his workmen, and the bark was almost entirely wanting ; 
but I was informed that very little bark appeared when the tree 
was disinterred. The roots were somewhat rounded, and looked as 
_if they had been rubbed and abraded. Shortly afterwards I visited 
the sand-pit, and saw the trunk of another large oak in situ. It was 
only partially uncovered, the portion concealed being buried under 
some 10 feet of sand and gravel. The trunk was hollow and filled 
with wet sand, and the wood was so soft that it could be cut in 
most places with a spade. The greatest diameter of the exposed 
‘portion was 3 feet 9 inches, and when the trunk was finally dug 
out it was found to measure 18 feet in length. But Mr Robertson 
informs me that, before the time of my first visit to the sand-pit, 
the workmen had dug away a considerable portion of the dark 
brown soft woody matter, under the impression that this was merely 
“peat,” and he estimates the length of the part so removed as 
not less than 30 feet, and thinks the trunk at its butt end could not 
be less than 5 feet in diameter. This would give a total length for 
the trunk of £8 feet. It was not so straight as No. 1 tree, and 
- unlike it, it had several branches. Most of the bark had been 
removed from the tree before the time of its entombment, but some 
still adhered in places, and was covered with a foliaceous lichen. 
_ Here and there also the trunk was thickly set with the stems of a 
clinging or climbing plant, which may have been ivy. I did not, 
however, detect any leaves of that plant; but in the hollow of the 
trunk I picked out a few leaves of holly, and other vegetable 
matter which was too decayed to allow of identification. Since 
this tree was exposed, other two have been extracted. One of these 
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resembled No. 1 tree in the soundness of the wood, but the trunk 
was hardly so straight, and it had several branches, At 1 foot 
above the roots it measured 20 inches in diameter, from which it 
tapered upwards for 26 feet to a diameter of 1 foot, after which it 
bifurcated, the two branches measuring 16 feet 6 inches and 6 feet 
6 inches respectively. There were smaller branches also both on 
the main trunk and on the two principal branches, The fourth 
tree I did not see in situ, but in Mr Robertson’s premises. It 
measured 2 feet 7 inches in diameter near the root, but bifurcated 
at about 4 feet 6 inches. Only one of the two limbs, however, 
remains, and it measures 18 feet 4 inches in length, It also 
bifurcates, the branches measuring 18 feet and 15 feet, with 
diameters of 9 inches and 7 inches respectively. _ 

All the trees were more or less soft and spongy externally, the 
soft wood being readily removed by a spade to the depth of an 
inch or more. ‘They seem to have been for the most part deprived 
of their bark before they became buried in the sand, and the worn 
and abraded character of the roots and branches was just such as 
we see in trees which have been drifted some distance in water. 
It remains only to add that the trees were lying with their butt 
ends directed inland. Nos. 1 and 41 did not see in situ, but the 
others I took the direction of, and found that the top of No. 2 pointed 
E. 20 N.; and Mr Robertson informed me that No. 1 had the same 
direction. No. 3 tree lay N. 5 W. or nearly north and south, the 
top being directed seawards. No. 4, again, appears to have had 
very much the same direction, the top being directed a few degrees 
more to west of north. I may add, that the four trees now 
referred to occurred within a dozen yards or so of each other, one 
of the branches of the great hollow trunk (No. 2) lying across No. 3 
tree. Scattered through the sand in the neighbourhood of the 
trees, many twigs and branches were seen, some cf which may have 
belonged to those particular trees; it is quite possible, however, 
that a portion of the vegetable débris may have become entangled 
in the roots and branches of the snags as it drifted seawards. 

The succession of deposits seen in the sand-pit is in descending 
series, as follows (see fig. 1) :-— 

(a) Sor, &c. 

(6) Sanp, white and yellow, about 1 foot 6 inches. 
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(c) Pzat, about 9 or 10 inches, 
(@) GRAVEL AND Sanp, excavated to a depth of 8 or 9 feet. 


Fic. 1. Section in Sand Pit, Olive Bank, Musselburgh. a, Soil, &c.; 6, sand ; 
c, peat; d, sand and gravel. + Position of drifted trees. 


The Sanp (a) is a moderately fine-grained siliceous sand, seen 
only in the north part of the sand-pit. It dies out rapidly to the 
south. The granules are often coated with hydrous ferric oxide, 
and the bed becomes quite ochreous towards the north. No fossils 
seem to occur, The. bed is overlaid by a mass of ‘‘made ground,” 
consisting of sandy soil, in which fragments of very recent pottery and 
glass are seen. 

The thin bed of peat underlying this sand is in like manner 
restricted to the north end of the pit. It occupies a hollow, and 
dies out rapidly to north and south. Both it and the overlying 
sand abut against the subjacent gravel and sand in such a way as to 
show that the latter had been considerably denuded before the 
accumulation of the peat and upper sand-bed had commenced. 
There is nothing particularly noteworthy about this peat, save that 
it seems to be made up to.a considerable extent of the remains of 
trees, such as birch, elm, Scots fir, &c. Here and there EF detected 
the wing-cases of beetles, and possibly other organic remains may 
occur, for I made no special search. Both this peat and the 
overlying sand-bed are evidently of much more recent date than the 
gravel and sand below, and it is to these specially that attention is 
at present directed. | | | 

The deposits in question have been excavated to a depth of 
8 or 9 feet, and how much thicker they may be I cannot say, but 
the boulder-clay will probably be met with at no great distance 
from the bottom of the sand-pit ; and possibly the sand and gravel 
do not attain a greater thickness than 20 or 30 feet. The beds 
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exposed in section are somewhat variable, and show a good deal of 
diagonal bedding, pointing to somewhat ‘persistent current action 
from the south ; in a few places, however, there is evidence of a 
movement in quite the opposite direction. Although the deposits 
show so much false-bedding, the inclination of all the various 
lenticular beds and sheets of gravel and sand is towards the north 
at alow angle, between 2° and 3°. The sand is chiefly siliceous, 
and remarkably “sharp” or clean, and it greatly predominates — 
over the gravel. Some layers are very fine, others are less so, 
passing into a grit. The gravel consists of well water-worn stones, 
varying in size from mere grit up to fragments several inches in 
diameter. Coarser and finer gravels alternate in lenticular or 
irregular layers and beds, which interosculate with lines and sheets 
of sand. — So far as I have observed, there are no rock-fragments in 
the gravel which do not also occur in the boulder-clay of the same 
district, and very few, if any, that might not have been derived 
from the drainage-area of the River Esk, which enters the sea about 
half a mile to the east of our section. 

It is in these gravel and sand beds that the drifted trees occur. 
They were met with at or about the bottom of the section in the 
sand-pit, and all within a distanee of 40 feet of each other. The 
absence of any trace of marine organisms in the beds, taken in 
connection with the presence of the drifted trees, branches, twigs, 
&c., suggests the fluviatile origin of the deposits, and the same 
might be inferred from the general appearance of the deposits them- 
selves. All the evidence points to a flow of water from south to 
north. The inclination of the various layers, the “pitch” of the 
diagonal bedding, the shape of the gravel stones (well water-worn, but 
not generally so well rounded as marine gravel), the manner in which 
the stones often overlap, and the general disposition of the materials 
precisely resemble what we see in the recent alluvial accumulations 
of our larger rivers, and in certain older valley-terraces laid down 
by many of our streams at a time when these flowed in greater 
volume than at present. The deposits at Musselburgh occur some 
30 feet above Ordnance datum-line, and form part of a broad 
terrace which slopes gradually inland to a height of as near as may 
be 45 feet. Indeed, the 50 feet contour line may be taken as the 
boundary of the gravel and sand, the terrace formed by which 
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abuts against a well-defined bank of boulder-clay. This bank and 


terrace may be followed’more or less clearly from the site of St 
Mary Magdalene’s Chapel near Pinkie Salt Pans, south-east by the 
municipal boundary and Stoneyhill to Stoneypark, where they are 
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truncated by the modern “cut” of the Esk (see fig. 2). At Monk- 
tonhall they again come on, forming well-marked features—the 
terrace sloping gradually down to the more recent alluvium of the 
Shire Haugh opposite Inveresk. The counterparts of this sloping 
bank and broad terrace are also met with on the east side of the Esk. 
Thus, they are well seen between the river and Inveresk, from which 
they may be followed down to a little beyond the Waukmill, after 
which the bank sweeps away to the east by Inveresk House and 


-Pinkiehill Colliery, until eventually it turns north by Pinkie Brae, 


and is at last truncated by the 25 to 30 feet beach to the east of 


Fie. 3. Section: across superficial Deposits at Musselburgh. 1, Glacial Deposits ; ae 
9, 45-50 feet terrace ; 3, 25 feet terrace ; 4, sea. 


Musselburgh Links, It may be added that this last-named beach 
has been excavated in our old terrace, across its whole breadth 


from west to east, so that in descending. seawards from the bank 
which forms the margin of the 45 to 50 terrace, we first traverse 
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that terrace, and then reach the short slope or bank that overlooks 
the 25 feet beach and the modern alluvia (see fig, 3). And just as 
the deposits of the 25 feet beach pass up the valley of the Esk into 
well-marked haughs of river alluvia, which gradually ascend with 
the slope of the valley ; so, when we follow the deposits of the 
older terrace inland we find them in like manner rising to a gradu- 
ally higher level, and behaving in every respect like ordinary river 
alluvia. There cannot, therefore, be any doubt, I believe, that the 
sand and gravel which contain the drifted trees are of fluviatile origin 
—accumulations formed by the Esk, at a time when that river flowed 
at a higher level and in considerably greater volume than at present. 

Since the upper or 45-50 feet terrace was formed the River 
Esk has cut its way down through that terrace and the boulder- 
clay and carboniferous strata to a depth of some 30 feet; and the 
greater size of the Esk when flowing at the 45-50 feet level is 
indicated not only by the character and bulk of the deposits then 
laid down but by the much wider area over which these extend. I 
think it is also suggested by the great size of the drifted trees, which 
could hardly have been floated seawards by such a stream as the 
modern river. | 

It is of some interest now to inquire what relation this ancient 
alluvial terrace bears to the raised beaches which occur at so many 
different places on both sides of the Firth of Forth. From what I 
have seen of those old sea-beaches I have little doubt that the tree- 
bearing beds referred to in this communication are on approximately 
the same geological horizon as the well-known 45-50 feet beach ; 
that, in short, the sand and gravel in which the great trees occur 
were deposited at or near the mouth of the Esk, when the 
sea-level stood some 45 feet higher than it now does. This 
appears to be shown by the fact that the upper limit of the 
terrace at Musselburgh preserves the same level when followed from 
west to east across the valley of the Esk, and hardly begins to show 
any rise when traced up that valley until we reach Inveresk. In 
short, the deposits at Musselburgh seem to me to resemble the delta 
accumulations of a very considerable river, and it is just possible 
that some of the current-bedding seen in the sand-pit at Olive Bank 
may be the result of tidal action. But the body of fresh water 
flowing seaward would be sufficiently great to prevent the incursion 


| 
; 
i 

} 
| 
} 
| 
» 
| 
nay 


752 Proceedings of the Royal Society 


of marine organisms, and the absence of any trace of these is‘no 
proof that the land may not then have stood, relatively to the sea, 
some 45 or 50 feet lower than it does at present. — 

It is in the upper reaches of the Firth of Forth that the 45-50 feet 
beach is best developed. In the neighbourhood of Falkirk and 
Stirling the deposits of this level form the well-known Carse-lands 
—extensive sheets of mud, silt, clay, and sand, containing in many - 
places recent sea-shells, such as Cardium edule, Ostrea edulis, 
Cyprina islandica, Lnttorinu litorea, Trophon clathratus, Buccinum 
undatum, &c. The upper limits of this great flat are well marked 
out by bluffs and banks—the old coast-lines, Of its marine origin, 
therefore, there can be no doubt. Now, throughout the Catse- 
deposits there occurs at various levels much drifted vegetable 
débris, consisting of the trunks, branches; arid twigs of such trees as 
birch, hazel, pine, and oak, and associated with these oyster-shells 
often appear in abundance: Remains of the whale,* dug-out canoes, 
and rude implements and weapons have likewise been discovered in 
the same deposits, while along what was the old shore-line kitchen- 
middens are frequently met with. All the middens, as Mr Peach 
observes, “occur on the bluff itself or just at its base, as if when it 
was the limit of high-water, the people who formed the middens, 
after searching the shores during low-water; had retreated thither to 
enjoy their feast while the tide covered their hunting-ground.” 
It is noteworthy that when those Carse-deposits are followed up the 
valley, they are found rising with a gentle gradient, until eventually 
they pass into fresh-water alluvial deposits of sand and gravel of 
fluviatile origin. Here, then, at the head of the Firth of Forth, we 
meet with the counterparts of the Musselburgh beds. The evidence 
shows that at a time when the sea washed the 45-50 feet level the 
River Forth, flowing in much greater volume than at present, carried 
down to its estuary enormous quantities of drift-wood, some of 
which got bedded in the sand of the lower reaches of the river, 
some in the silt and mud of the estuary, while much no doubt 
found its way eventually out to the open sea. The Musselburgh 


* Professor Turner informs me that the skeletons of large whales, which 
from time to time have been found embedded in the Carse-deposits of the Forth 
valley, so far as they have been critically examined, have been determined to 
belong to the genus Balenoptera, and are not examples of the Balena mysticetus, 
or Greenland whale, as is generally believed. 
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beds, then, I take to be of the same age, and to betoken the same 
conditions, as are shown by the old fluviatile accumulations of the 
Forth at the point where these merge into the estuarine-marine 
beds of the Carse-lands, 

It is remarkable that precisely the same phenomena are met with 
in the lower reaches of the Tay valley. In that district, however, 
the succession of changes evinced by the Carse-deposits and the 
correlative fluviatile accumulations of the Tay and Earn, is even 
more clearly read. In the Carse of Gowrie, for example, we detect 
underneath the clay of the Carse the remains of an ancient buried 
forest. The lower portions of the Carse-deposits are often abund- 
antly charged with drifted vegetation, and here and there marine 
shells occur. I got oyster-shells and drifted wood in the Carse-beds 
a few years ago, during some excavations that were being made 
within the grounds of the Perth Penitentiary. But no marine 
remains have been met with higher up the valley, for as the deposits 
are traced further in that direction they pass gradually into: fluviatile 
gravel and sand. That the Carse of Gowrie, &c., is of the same age 
as that of Falkirk, may be inferred from the fact that its upper 
limits reach the same elevation, viz. 45 feet. I may add that 
underlying the buried forest of the Tay and Earn valleys fluviatile 
- gravel, sand, &c., are seen in some places. These phenomena, 
which I have described at length elsewhere,* seem to me to indicate 
the following succession of changes :—Taking first the fluviatile beds 
under the buried forest, these point to a time when the Tay flowed 
at a lower level than at present—for the old fluviatile beds referred . 
to occur underneath the present mean tide-mark at and below Perth. | 
Hence we may further assume that the land stood relatively to the 
sea somewhat higher then than it does now. Next in succession 
comes the buried forest. This, as I have shown, represents an old 
land surface which extends out seaward, and consequently proves 
that the Scottish shores formerly stretched much further to the 
east. I need not recapitulate the evidence which has led me to 
believe that the buried forest of the Tay valley finds its counter- 
parts in the so-called submerged forests which are met with at 
many points along the shores of these islands and the opposite 
coasts of the Continent ; and that the evidence furnished by these 
* See Prehistoric Europe, p. 385. 
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leads to the conclusion that at the time those forests flourished, the 
British area formed a portion of the European Continent, and 
enjoyed a more genial climate than at present. The buried forest 
of the Tay is covered by the Carse-clays which are indubitably of 
estuarine or estuarine-marine formation. Consequently they show 
us that the continental conditions during which the great forests 
extended themselves had now passed away; more than this, we 
may infer from the appearances presented by the Carse-clays and 
correlative river deposits of the Tay and the Earn that the climate 
had now become less genial. The river-gravels referred to are more 
or less coarse tumultuous deposits extending over broad areas, and 
when they are followed into the Highlands they are actually found 
in close association with torrential débris and morainic accumula- 
tions, Again, the Carse-clays have all the appearance of those 
" flood-loams and clays which. are deposited by water flowing from 
snowfields and glaciers; and now and again they contain isolated 
stones and boulders which could only have been carried down to 
sea by river-ice. So that, at the time the clays of the Carse of — 
Gowrie were accumulated, it would appear that local glaciers occupied 
some of the Highland glens, while our rivers had often a torrential 
character, and swept down to their estuaries immense. quantities of 
fine silt, “the flour of rocks.” Thus, as it seems to me, we have 
more or less distinct evidence in the Carse-deposits of the Tay and 
Earn of marked geographical and climatic changes. 

Returning now to the Carse-accumulations of the Forth, we 
encounter very much the same appearances, but certain evidence is — 
wanting. Thus we have not yet encountered any ancient, buried 
forest underlying the Carse-clays of Falkirk and Stirling, which can 
be considered as the equivalent of the buried forest of the.Tay valley. 
But we have every evidence to show that an arboreal vegetation 
similar to that which now forms our forests, clothed the hilJ-slopes 
and valley-bottoms in the region drained by the Forth, at the time 
the Carse-clays began to form. We have proof also of torrential 
and flooded rivers, and of the wholesale destruction of trees. No 
geologist who has studied the Carse-beds of the Forth can doubt, 
that those accumulations occupy an old valley, the bottom of which, 
is under the present level of the sea. Nor does it take much 
imagination to picture to one’s self the conditions which must have 
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obtained in the Forth district at the time when the buried forest of 
the Tay stretched away out to sea. In place of the flats of the 
Stirling and Falkirk Carse and the waters of the estuary of the Forth, 
we see a broad and gently sloping valley clothed with thick forests, 
through which the ancient River Forth winds far away to the east, 
to mingle its waters in all probability with those of the Rhine, 
which at that time flowed northward through the area now covered | 
by the North Sea. How long those conditions obtained we have 
no means of estimating, all one can say is that it was probably at 
or about that time that Neolithic man entered Britain. These geogra- 
phical and climatic conditions eventually become changed. Britain 
is insulated, and a cold, wet, and ungenial climate supervenes. The 
forests decay more or less rapidly, while marshes and bogs extend 
their boundaries. Local glaciers exist in some of our mountain | 
glens, and flooded rivers carry seaward the trunks and branches 
of many a fallen monarch of the forest. The sea at this time 
washes the 45-50 feet level, and along the shores live Neolithic 
fishermen who revel ina molluscan diet, and now and again sticceed 
in capturing a whale. 

Such, I believe, were the general conditions that obtained during 
the accumulation of the gravel and sand with drifted trees at 
Musselburgh. The peat and sand which overlie the tree-bearing 
beds belong to a much more recent time; but whether they are 
older or younger than the 25 feet beach there is no evidence to 
show. I need hardly add that the deposits of the 45-50 feet beach 
are of post-glacial age,—being younger than the estuarine-marine 
deposits of the 100 feet terrace,—which latter, as I have shown 
elsewhere, must be classed as of late glacial age. 


4. On a Special Class of Partitions. By Professor Tait. 


5. Observations on a Green Sun, and Associated Phenomena. 
By Professor C. Michie Smith. 


6. Analysis of the Principles of Economics. Part V.— 
Psychological. By Mr P. Geddes. 
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7. On a Singular Electrical Result. By Mr Harry Rainy. 


Communicated by Professor Tait. 


In order to observe the spectrum of coal gas at 
atmospheric pressure, I passed a stream of the gas 
through a tube open at both ends, and into the sides 
of which the platinum electrodes of an induction coil 
were inserted. I noticed that the spectrum gradually 
became narrower. On observing this, I stopped the 
current, and found that a filament of carbon had grown 
upwards from the lower electrode. On examining it 
carefully it appeared to have numerous short branches, 
all of which pointed in the direction of the electrode 
towards which the filament was growing. The time 
which it took to form between the electrodes was, I 
think, under two minutes. 


PRIVATE BUSINESS. 


A Ballot was then taken, and the following were elected British 
Honorary Fellows:—Professor E. Frankland, LL.D., F.R.S.; 
William Huggins, D.C.L., LL.D., F.R.S. ; and Professor Burdon 
Sanderson, LL.D., F.R.S. The following were elected Ordinary 
Fellows:—David Alan Stevenson, Esq., BSc., C.E.; Sheriff 
Thoms; R. W. Mylne, Esq., C.E., F.R.S.; and William Evans, 
Esq., F.S.A. 
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Monday, 21st July 1884. 


THE Ricut Hon. LORD MONCREIFYF, President, in the 
Chair. 


The President read to the Society a letter from M. Pasteur, — 
Chairman of the Committee constituted for the purpose of erecting 
a Statue at Alais to the memory of Jean Baptiste Dumas. He 
intimated that the Fellows of the Society who wished to subscribe 
might send their subscriptions to the Librarian. 


1. Observations on Coral Reefs and Calcareous Formations 
of some of the Islands in the Solomon Group. By H. 
B. Guppey, M.D., H.M:S. “Lark,” with Notes by John 
Murray, Esq. Communicated by John Murray, Esq. — 


2. Further Note on the Compressibility of Water. By 
Professor Tait. 


I had hoped to be able, during the winter, to extend my observa- 
tions to temperatures near the freezing point, but the lowest 
temperature reached by the large compression apparatus was 6°°3 C.; 
while the highest is (at present) about 15°C. From so small a 
range nothing can be expected as to the temperature effect on the 
compressibility of water, further than an approximation to its 
values through that range. | 

The following table gives the mean values of the evemge com- 
pression per ton weight per square inch :— 


Pressure in Tons. lL. 2. 24. | 3. 34. 4 
6°3.C. | 000704 | 692 | 684 | 672 | ... 
v6. 670 | 660 
13°°1 O45 |... 637 
15°-2 673 654 


These are all fairly represented by the expression 
0:00743 — 0000038 ¢ 000015 p, 
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where ¢ is the temperature centigrade, and p the pressure in tons 
weight per square inch. This, of course, cannot be the true 
formula, but it is sufficient for ordinary purposes within the limits 
of temperature and pressure above stated. It represents the value of 
| Vy - Vv 
Pry 

With a new set of compression apparatus, very much larger and 
more sensitive than those employed in the above research, I have 


just obtained the following mean values for the single temperature 
15°°5 C. 


Pressure in Tons. 14. 2. 3. 


Fresh water, . . | - 0:00678 663 657 638 
Sea water . .| 0:00627 | 618 | 609 593 


These are the values of “on ; and they give, for the true com- 
| 


pressibility (- = ie at any pressure, and temperature 15°5 C., 
the formule, 

Fresh water, 0:00698(1 — 0:05 p) 

Sea water, . 0:00645(1 - 0:05 p) 


The ratio is 0°925, «. é , the compressibility of sea water at the 
above temperature is only 92°5 per cent. of that of fresh water. 


[Added 28th October 1884. | 


With the notation employed (ante, p. 229), (=) = (000038/152 
p being in atmospheres ; while we have e= (¢ - 4)/72,000. Hence 


0°000038, _ 
72,000. 


Thus, for 152 atmospheres, ¢.¢., 1 ton weight per square inch, 
we have 


dt = 2°°74 C. 


This agrees, in a remarkable and altogether unexpected manner, with 
the result 2°-7 C. obtained by direct measurement (ante, p. 228). 
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3. Critical Note on the latest Theory in Vertebrate 
Morphology. By Mr J. T. Cunningham, B.A. 


_ In the attempt to trace the vertebrate organisation by comparative 
anatomy and embryology back to a simpler state, the origin of the 
limbs has been made the subject of various hypotheses. Many 
years ago Gegenbaur brought forward a method of regarding the 
morphology of the limbs, by which each could be derived from a gill 
arch supporting a series of gill rays, from such a system as forms the 
skeleton of a gill in a typical Selachian of the present day. This 
comparison was instituted without any particular stress being laid 
on the relation of the ancestral vertebrate to invertebrate forms. 
He supposed that the central ray of the series in the branchia 
gradually grew more prominent, and as it increased in length the 
rays near it lost their attachment to the arch, and became articulated 
to the sides of the central ray: in this way he obtained an —e 
limb skeleton which he called the Archipterygium. 


This theory is usually supported by reference to the structure sof 


the limb skeleton of Ceratodus. The shoulder girdle of this animal 
is an arch of cartilage more or less ossified, with the upper end of 
which the free limb articulates. This limb is composed of an axial 
rod of cartilage broken up into a series of short segments, and on each 
side of this cartilaginous axis a series of cartilaginous rays is situated : 
each ray articulating with one of the segments of the axial rod. 

In another Dipnoan, Protopterus, there is a still more striking 
indication of the relation between limb and branchia. In this 
animal the shoulder girdle, as Wiedersheim pointed out, has a 
deeper position than it has in other fishes, a position in relation 
to the surface of the body similar to that of the branchial skele- 
ton. In the second place, the shoulder girdle of this animal bears 
throughout life functionally active external gills; and thirdly, not 
only the shoulder muscles, but the whole limb as well, are innervated 
in great part by branches of the vagus nerve. 


On this hypothesis of the morphology of the limbs, the original 


position of the limb would have been such, that the plane in which 
it was expanded was vertical to the Jongitudinal axis of the body, 
as it isin Teleosteans and Ganoids. But in Selachians, although in 


adult life the plane of the limb in most cases approaches this 
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position, in the embryo the limb grows out in a plane parallel to 
the axis of the body; and as there is every indication that to the 
Selachians we must usually look for the most primitive condition 
of vertebrate organs, this is a strong argument against Gegenbaur’s 
hypothesis. Based on a study of the development of the limbs in 
Selachians, is the view of the morphology of the limbs advocated 
by Thacker, Mivart, and Balfour, and especially supported by the 
researches of the latter. According to this view, which like the 
branchial hypothesis of Gegenbaur, makes no attempt to bring the 
supposed original condition into relation with the organisation of 
any invertebrate form, the two pairs of limbs in fishes are the speci- 
ally modified remnants of a longitudinal fold, which originally ran 
along each side of the body, and was similar in structure to the 
median folds from which the unpaired fins are derived. The em- 


bryological facts which support this view are briefly thus. In 


Selachians the first rudiments of the paired fins appear as slight 
longitudinal ridge-like thickenings of the epiblast similar to the 
rudiments of the unpaired fins. There are two such ridges on each 
side—one anterior behind the last branchial arch, one posterior on 
the level of the cloaca. In most Elasmobranch embryos, especially 
in Torpedo, they are connected by a line of columnar epiblast cells, 
which very soon disappears. The presence of this connecting ridge 
is suggestive of the original continuity of the two fins, on each side. 
As the fin grows out mesoblast extends into it, and in the mesoblast 
appears embryonic cartilage, which breaks up into a longitudinal 
series of rays, and these are continuous at their base with a 


_ longitudinal bar termed by Balfour the basipterygium. From the 


anterior end of this longitudinal cartilage there pass off an upward 
and a downward process, which form the rudiment of the limb girdle. 
The longitudinal bar. may be due to secondary development, the 
series of cartilaginous rays being the primitive part of the fin which 
is thus reduced to the same structure as an unpaired fin. The 
pelvic fin in a Selachian never departs much from the primitive ar- 
rangement, the only alteration being that the basipterygium segments 
between the anterior and succeeding ray, and the posterior end of 
it segments off as the terminal ray. In the pectoral fin the changes 
are more extensive: the basipterygium is rotated outwards from the 
body until it forms the posterior border of the limb, and constitutes _ 
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that part of the adult fin called metapterygium by Gegenbaur, and 
then becomes segmented off from the pectoral girdle articulating 
with its hinder edge. ‘The propterygium and mesopterygium are 
merely the anterior part of the original basipterygium which divides 
into two pieces, articulating directly with the pectoral girdle, Thus 
the metapterygium is the homologue of the basal cartilage of “the 
pelvic fin. It is obvious that the facts of the development dis- 
covered by Balfour are absolutely incompatible with Gegenbaur’s 
view of the origin of the limb from a branchial arch and its rays, 
According to Gegenbaur’s view, the limb of Ceratodus is the most 
primitive form, and the metapterygium in the Elasmobranch 
corresponds to the central axis in Ceratodus, the posterior rays 
having disappeared. The development of the fins in the dog fish 
shows that the metapterygium is the basal part of the fin grown 
outwards, and could never have borne posterior rays. | 
In the earliest sketch of the genealogy of vertebrates put forward 
by Dr Dohrn in 1875,* he also maintained that the vertebrate 
paired limbs originated from gills, not. gills constructed on the plan 
of those of a fish of the present day, but branched tree-like gills 
resembling those of living annelids, such, for example, as those of 
Arenicola piscatorum. He supposed that special muscles first became 
separated from the dermo-muscular tube, in order to move the gills for 
the sake of more efficient respiration ; that then the gills began to be 
used as locomotive organs ; and finally, when respiration was confined 
to the anterior gill slits, two pair of these gills were preserved, and com- 
pletely changed into locomotive organs on account of the suitability of 
their position for keeping the equilibrium of the cylindrical body in 
the water. The assumption in this view, that a limb was originally 
a process of a single somite of the body, could not well be main- 
tained in face of the facts of the structure and development of the 
fins of fishes. In Elasmobranchs it is obvious that a lateral fin be- 
longs to several somites of the body, not to a single one. Balfour 
found that the muscles of a limb in an embryo Elasmobranch were 
derived from buds of several muscle plates, that is from several 
somites. In a recent papery on the orgin of the paired and unpaired 
* Ursprung der Wirbelthiere, Leipzig, 1875. 


+ “Studien zur Urgeschichte des Wirbelthierkérpers VI.” Mittheil. aus der 
Loologischen Station zu Neapel, Band V. Heft 1. 
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fins of Selachians, Dr Dohrn abandons his former view, and gives 
a detailed account of the origin of the musculature of both median 
and paired fins. He confirms Balfour’s statement of the origin of 
the musculature of the paired fins from buds of the muscle plates, 
and extends the same to the unpaired fins, He also shows that 
muscular buds, similar to those which form the muscles of the 
pectoral fin and pelvic fin, are given off in those myotomes which 
belong to the part of the trunk between these, but afterwards 
atrophy. This fact confirms Balfour’s view, that the pectoral and 
pelvic fins were originally continuous. He then shows that muscle 
buds similar to those which form the muscles of the pelvic fins are 
given off behind the anus, forming a continuous series with those 
belonging to the pelvic fin; and that from these the muscles of the — 
anal fin are derived. From this, he argues that the anal fin has 
been formed phylogenetically from the ventral coalescence of two 
lateral folds continuous with those whose remnants form the pectoral 
and pelvic fins.. The reason why coalescence has taken place 
posteriorly, and not in the region anterior to the anus, is that the 
gut has disappeared from the posterior end of the body, and not 
from the anterior pre-anal part. The gut is shown by the existence 
of the embryonic post-anal gut to have originally extended to the 
posterior extremity of the body where the original anus was, while 
after the formation of the present anus, a secondary structure, the 
posterior part of the gut disappeared, and then by the reduction in 
size of the ventral part of the tail, the two lateral folds were brought 
together and formed the median ventral fin. He further shows that 
the musculature of the dorsal median fin arises from muscle buds 
given off on each side from the dorsal ends of the myotomes, and con- 
cludes from this, since similar ventral buds form two lateral fins, that 
the dorsal fin was also orignally derived from the coalescence of two 
lateral fins. The effective cause for the coalescence here was, in his 
opinion, the folding over of the original flat plate of the central 
nervous system to form a canal. Going one step further back, he 
supposes each of these four lateral folds, composed as they are, of 
buds from successive segments, to have been originally a series of 
separate processes ; and then he points out that we have an animal 
similar to an annelid, each segment bearing a = of notopodia, 

and a pair of ventral neuropodia. 
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To trace the supposed transformation in the reverse order, it is 
thus. The original annelid-like ancestor first of all changed its 
position in locomotion, so that its nervous system became dorsal 
instead of ventral. Then, by the folding over of its median nervous 
plate to form a tube, the two series of neuropodia were brought 
together, coalesced, and formed the dorsal fin of the fish. 

The animal having obtained a new anus some distance from the 
end of the body, the posterior part of the intestine disappeared, 
being no longer funtional; and by the consequent reduction of this — 
part of the body, the posterior part of the two series of notopodia 
coalesced in the median line and formed the anal fin. Anteriorly 
the successive notopodia united in two separate regions to form the 
pectoral and pelvic fins, and in the intermediate region disappeared. 

In the course of my observations on the development of floating 
Teleostean ova, carried on in the month of J une last, I was im- 


_ Newly-hatched Teleostean larva sp.((?) Hatched 22nd 
June, from eggs obtained at surface of sea, 50 
miles east of May Island, on 20th June 1884. 


pressed with the incompatability of Dohrn’s ingenious theory, with 
the existence of a pre-anal ventral median fin in the larve of one 
species. The larve in question were hatched in the Scottish 
Marine Station at Granton, from transparent floating eggs obtained 
by means of a fine tow-net in considerable numbers, about 50 miles 
east of the Isle of May. I do not know at present to what fish the 
ova belong, but as the ova and embryos are well characterised, they 
may be identified at some future time with eggs taken from some 
ripe adult fish. The yolk in both the developing ovum and the 
hatched larva is extremely pellucid, and divided into separate por- 
tions with polygonal outlines: there are no oil-globules in the yolk, 
the notochord is composed of a single column of vacuolated cells in 
the formed embryo, and in the larva the anus is situated at some 
distance from the yolk-sac and close to the posterior extremity of 
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the body. The newly-hatched larva is 3 mm. in length. A larva 
with these characteristics is described by Von Hensen in the fourth 
Report of the Commission zur Untersuchung der Deutschen 
Meere in Kiel, part ii. ; the species is there also left undetermined. 
The relation of the ventral median fin to the anus is not discussed ~ 
by Von Hensen. This relation is as follows, and is shown in the 
woodcut. The median fin extends continuously along the median 
dorsal line round the end of the tail to the anus, and passes 
continuously from thence to the yolk-sac, having about the same 
breadth throughout. There is no break in the fin at the anus, as 
- the latter opens on the edge of the fin; the terminal portion of the 
intestine projecting downwards from the trunk. 

There is at least one other Teleostean larva in which the prim- 
ordial median fin has exactly the same relations to the anus and ~ 
yolk-sac as in the larva just described. _ This second case is that of 
the herring. The existence of a pre-anal portion of the median 
_ ventral fin in the herring larva was pointed out by Dr C. Kupffer* 
in 1878, but he includes it in his general description, laying no 
particular stress on it.t Balfour, in his Comp. Embryology, 
although he refers to Kupffer’s work, has overlooked this fact in 
the structure of the herring larva, making the general statement 
that in the young Teleostean the ventral fold of the median fin 
ends anteriorily at the anus. 

It is uncertain whether there are other Teleostean larve in which 
the same state of matters obtains, and I do not know at present 
what relation the development of the pelvic fins bears to the 
ventral median fold in the two cases mentioned. On the two 
occasions, when I had the undetermined larve above described 
in the laboratory, I was unable to keep any alive for more than six 
days after hatching. At the end of that time the pre-anal ventral 
fin was still unchanged, and no trace of pelvic fins could be seen, 


* Laichen u. Entwicklung des Ostsee Herings, Berlin, 1878. 

+ Having carefully studied the development of the herring in the month of 
August, I can fully confirm Kupffer’s description of the newly-hatched larva. 
The proportion of the length of the body through which the pre-anal ventral 
fin extends is considerable, the whole length of the larva being 5:2 mm., while 
the length of the pre-anal fin is 25 mm. The larva of the herring is closely 
similar to the first larva described above; it is quite transparent; the yolk 
consists of separate spherules, and the notochord has but one column of cells. 
(Note added Sept. 19, 1884.) | 
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although the pectoral fins were present as horizontal folds with a 
semicircular outer border. 

It is obvious that unless the pre-anal ventral fin in the cases 
mentioned can be explained as a secondary arrangement of certain 
Teleosteans (a supposition which is not rendered more probable by 
the fact that the herring is a physostomous form with pelvic fins in 
their original position), its presence forms an obstacle to the 
universal application of Dohrn’s theory; and a re-examination of © 
this most interesting subject is necessary in view of the facts I 
have pointed out. From Dohrn’s point of view the coexistence of 
functional intestine and median ventral fin in the same part of the 
body is impossible. : 


4, Tenth and Final Report of the Boulder Committee; 
with Appendix, containing an Abstract of the informa- 
tion in the Nine Annual Reports of the Committee; 
and a Summary of the principal points apparently 
established by the information so received. (Plates 
VIII. to X.) | 


The Committee are of opinion that it is now time to submit a 
final Report to the Council. Nine Annual Reports have already . 
been presented, extending altogether to about 400 pages, as printed — 
in the Proceedings of the Society. The appointment of the Com- 
mittee took place in April 1871, and the first Report was presented 
in April 1872, by which time a considerable number of answers — 
were received to circulars sent by the Committee, first to the 
parochial clergy, and next to the parochial schoolmasters, asking for 
information. 

The Committee do not expect that, by continuing inquiries on the 
lines available to them, much additional information of importance 
would be obtained. At all events, it is now desirable to arrange 
the information which has been obtained, in such a way as to make 
it more readily accessible—as, for example, to show, in what dis- 
tricts the most interesting Boulders are situated, and also to indi- 
cate the conclusions which the positions of the _Boukiens, or any 
markings on them, suggest. 
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Before, however, explaining the means which the Committee 
have agreed to adopt for classifying the information obtained, 
the Committee think it right to record, in a few sentences, the 
circumstances which led to the appointment of the Committee. _ 

The subject of the transportation across the country of masses of 
rock by some natural agency, has from a very early period been — 
discussed in the Royal Society of Edinburgh. In the year 1812, Sir 
James Hall, the Society’s President, was the first to break ground, by 
reading a valuable Memoir, afterwards published in the Society’s — 
Transactions. The subject was from time to time again brought 
before the Society by different Fellows,—whose names merely may 
be mentioned,—viz., Principal James Forbes, Professor Fleming, | 
Professor Nicol, Mr James Smith of Jordanhill, Mr Charles Maclaren, 
Mr Robert Chambers, Rev. Thomas Brown, and Mr Milne Home. 
The facts brought forward in this way, of course, were only such as 
happened to have been noticed in particular districts by individual 
observers. But as it was known that the distribution of Boulders 
was universal over Scotland, not only on the Mainland, but on 
_ the Islands of the Hebrides, Orkneys, and Shetland, it was felt, 
in order to pave the way for a complete discussion, that inquiries 
of a more comprehensive character were desirable. 

In the year 1870, Mr Milne Home received a communication from 
Professor Favre of Geneva, stating that an inquiry of this character 
had, with the co-operation of the Swiss Geological Society, been 
commenced in Switzerland ; that the Geological Society of France had 
resolved to follow the example; and he expressed a hope that Mr 
Milne Home, who he heard had taken some interest in the Boulder 
question, would endeavour to institute a similar inquiry for Scotland. 

Mr Milne Home submitted this correspondence to the late Sir 
Robert Christison, and he having expressed approval of Professor. 
Favre’s suggestions, Mr Milne Home read a paper in the Society, 
embracing his correspondence with the Swiss Professor, and sug- 
gesting the appointment of a Committee, with power to make the 
requisite inquiries. Such a committee was shortly thereafter (April 
1871),.on the motion of Sir Robert Christison, appointed by the 
Society’s Council. | 

Altogether about 1500 circulars were issued by the Committee ; 
answers to a considerable number of which were, in the course of the 
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following year, received. About one half of these answers supplied 
information, which gave materials for the two first Reports. Most 
of these answers were useful also, by indicating the localities of 
remarkable Boulders, and thus enabling members of the Com- 
mittee to visit them. os 

In recording the information from time to time obtained, the 
Committee could do no more in preparing the Annual Reports than 
mention the particular county where the Boulder was reported 
to be situated. The consequence is, if any one wishes to discover 
what or where are the Boulders, described as occurring in any 
particular county, he must hunt through the whole nine Annual | 
Reports to obtain this knowledge. | 

In order to remove this inconvenience, the Committee have 
framed a compendium or abstract of the whole information in these 
Reports, so as to represent for each county, in alphabetical order, 
what is said in them regarding Boulders. This abstract will be 
found in Appendix I. 

_In addition to a geographical arrangement of the information 
contained in the Annual Reports, it occurred to some members 
of the Committee, that it would be useful to have a Summary of 
the most material facts found in the Reports, and of the inferences 
which these facts suggest, in so far as they seem to throw light 
on the question, by what agency Boulders could have been trans- 
ported. Such a Summary has been undertaken by the Convener, 
and it forms Appendix No. II. This Summary consists almost 
entirely of the facts set forth in the Annual Reports and in 
Appendix I. ; but the inferences from these facts involve opinions 
in which all persons may not agree. Therefore the Committee 
do not commit themselves either to the adoption or to the rejection 
of these opinions, though they quite allow that they are valuable as 
indicating points worthy of consideration. 

The Committee, whilst aware that their business was to investi- 
gate the subject of Scotch Boulders, have not deemed it any 
departure from the objects of their appointment to advert to well 
authenticated cases of Boulders situated in English counties, which 
have been on good grounds traced to parent rocks in the south of 
Scotland (Abstract, pp. 796, 797, 838, and 852). 

The bearing of this discovery on the direction of Boulder 
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transport, both in England and in Scotland, is very obvious, and 
will no doubt be noticed in the forthcoming General and Final 
Report of the British Association Boulder Committee. | 

It may here be right to remark, that the appointment of the 
English Boulder Committee, which took place at the Meeting of 
the British Association at Edinburgh in August 1871, was at the 


instance of Professor Archibald Geikie, who, in advocating the 


appointment, remarked on the importance of extending to England 
and Ireland the inquiry, which had already commenced in Scotland. 
The Convener learns from the Rev. Mr Crosskey, Chairman of 
the English Boulder Committee, that his Committee intend soon to 
frame an Abstract of their nine Annual Reports. | 
These Final Reports, embracing the most interesting discoveries 


on this subject in England and Scotland respectively, may, it is 


hoped, throw new light on a subject of much geological interest. 
Davip MitnEe Homes, Convener. 


EDINBURGH, 24th June 1884. 
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APPENDIX I. 


| Abstract of Information in the Nine Annual Reports of the 
Committee. 


ABERDEENSHIRE, 


Aberdeen, Town of.—In excavating for foundation of house in 
Union Street, a boulder of syenitic granite, with hornblende crystals, 
found 6x 5x4 feet, weighing about 24 tons. The under surface 
of boulder covered with ruts, all parallel. with longer axis, some o 
them 3 feet long. Longer axis pointed E. and W. No rock like 
that of boulder nearer than Belhelvie, 10 miles to north, or Huntly, 
40 miles to N.W., or Ballater, about 40 miles W.S.W. Dr Cruick- 
shank having, in July 1870, got notice of the boulder, made it 
known to late Professor Nicol, who caused it to be split, and the 
striated part set up in court of Marischall College (First Report,. 
p. 21, and letter to Convener from Dr Cruickshank). ee 

A syenite boulder. 5x 3.x:14 feet, with, strie parallel to longer 
axis, built into a wall in King Street Road. 

In Aberdeen newspaper of November 1881, aceount given of 
granite boulder, weighing about 8 tons, at the east end of ere 
Road, found. in excavating a bed of sand. 

Mounds and ridges of shingle and gravel, all water rolled, 
abound north of Aberdeen, near shore. Large boulders of trap, 
granite, and gneiss rest on top and surfaces of these ridges. 

Foveran.—Ina field on Drums Farm, a huge granite boulder, called 
“ The Grey Stone,” measuring 54 feet in circumference, with a height 
of 7 feet above ground. Another block, also apparently a transported 
mass, measures 78 feet in circumference, and projects 6 feet out of 
ground. A little to the north, of Drums, on one of these gravel 
ridges, lies a boulder, 8 x 5. feet. A layer of red clay about 9 inches © 
thick, overlies the gravel. Boulder rests on gravel, but clay 
aver the gruvel encircles its base (Seventh Report, p. 39). 

Ballater.—Morven Hill, 2963 feet above sea, is situated a few 
miles north of Ballater. It stands many miles apart from any hill 
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of like elevation. Boulders of granite, quartzose gneiss, and laminated 
quartz lie on western brow of mountain and up to summit. No 
granite rocks occur im situ in Morven. Jocks there consist of 
greenish hornblende and white felspar (Seventh Report, p. 40). | 
Belhelvie.—Sienitic boulder about 8 feet in diameter, called 
“K epple Stone,” near public school. Rocks in situ, near boulder, 
are granite (First Report, p, 21), | 
Bourtie,—Several greenstone boulders (supposed to bs Druidical) 
—called ‘ Altar Stone,” weighing 18 tons 3 “ Bell Stane,” weighing 
about 20 tons; “ Wallace's Putting Stone,” 24 feet in girth; 
and other two, called “ Pipers Stone” and * Maiden Stone.” 
Boddam.—Neary the Bullers of Buchan stands the Hare or Cleft 
Stone, a granite boulder 9 x 8 feet, which marks boundary between 
parishes of Cruden and Peterhead, 
Another granite boulder, in a ravine, 14x8x5 feet; another 
18 x 12 x 54 fee ; another 18x9x5 feet, Along the south side of | 
Peterhead Bay, and as far as Buchan Ness, the shore strewed with 
blocks of granite, gneiss, trap, and sandstone; many of them com- 
posed of rocks not found nearer than 20 or 30 miles (First Report, 
p. 23, and Second Report, p, 20), | 
In Boddam Dean, a granite boulder called The Hanging 
Stone,” 37 feet in girth and 27 feet over it, Halfamileeast, another — 
of 20 tons. Huge granite boulder, called the “ Grey Stone of - 
Ardendraught,” was broken up in the year 1779 to build walls of 
a new parish church. Jt was the stone on which “ Al] Hallow 
Jires” used to be lighted (First Report, p. 2), | 
Braemar.—There is a hill close to village named “ Cairn-a- 
Drochet,” reaching an elevation of 2700 feet, Near the top of the hill, 
_ viz,, about 70 yards to the north, lies a block of coarse granite 
12 feet long, with many other boulders of the same kind, The rocks 
of the upper part of the hill consist not of granite, but of quartzose 
gneiss. Opinion expressed by Mr Jamieson of Ellon, that the large 
block, and many of the others near it, came from mountains to the 
north, the granite of which is identical with that of the boulders. 
In letter to Convener, Mr Jamieson mentions that, near shooting lodge 
on this hill, there is a cluster of four or five immense granite boulders 
touching one another (First Report, p, 22, and Seventh Report, p, 41), 
Ben Varn More forms the culminating peak of the great ridge 
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that divides the shires of Aberdeen and Perth, reaching to a height 
of 3587 feet. Mr Jamieson found blocks of a peculiar porphyry on 
the northern slope of the hill, near the top; but no such ruck 
exists there in situ. The rock of the hill is quartz (Zdid.). 

_ Chapel Garioch.—Boulder 19 x 153 x 114 feet, weighing about 250 
tons. Longer axis E.and W. The boulder differs in composition — 
from rocks adjoining. It rests on dft. Legend, that thrown by 
Devil, from Bennachie Hill, which is situated to N. W. (First Report, 
p. 22). | 

Culsalmond.—Boulder of blue gneiss, 64 feet high x 54 feet in 
girth, known to archeologists as the ‘‘ Newton Stone,”* having on it 
Ogham and other very antique inscriptions (First Report, p. 24). 

Kemnay.—Seven large boulders of gneiss, whilst rocks adjoining 
are granite. The largest weighs about 380 tons. Most of them 
lie on hill-sides facing W.and N.W. The gneiss hills of Bennachie 
and Cairnwilliam from which these boulders are supposed to have 
come, are situated towards W.N.W. and N.W., distant 6 or 8 miles. 
The valley of Don is between these hills and the boulders. 

On Quarry Hill, situated not far from these boulders to 
north, rock striations show movement from west (First Report, 
p. 24, and Second Report, p. 148). | : 

To the S.E, of the above boulders, another bluish-grey granite 
boulder called “ Soutar’s Stone,” weighing about 270 tons. Height 
above sea about 500 feet. Lies in muddy sediment, on a hill-side 
facing N.W. A hill, running N. and §S. for 500 yards, lies to N. W., 
about a quarter of a mile distant, and with ridge about 100 feet 
above boulder. If boulder came from N.W., it must have been 
carried across top of this hill (which is very improbable), or else 
have come round one end, and have been carried by an eddy into 
its present position (Second Report, p. 148). 

Striations on rocks here show movement from W. 

New Deer.—Many boulders from } cwt. to several tons in weight 
lie in a sort of line for more than a mile south from farm of Green 
of Savoch, as far as to the hill of Coldwells and Toddlehills in 

* For speculations regarding the inscriptions, see Trans. Soe. of Scottish 
Antiquaries, for years 1862 and 1882. Mentioned in last paper, that another 
gneiss boulder of much same size stands near, with figure of a serpent on it, 


barred with the Z-shaped sceptre symbol. 
Added that Culsalmond parish abounds with relics of paganism. 
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Ellon parish, In this parish formerly, a rocking stone called “ The 
Muckle Stane of Auchmaliddie.” A (so called) Druidical block 
formerly on Culsh Hill (Pratt’s Account of Buchan, 1858). On 
Whitestone, Ellon, and Dudwich Hills, chalk flints fo -_ abundantly 
(First Report, p. 25). 

Towie.—Block of unhewn granite, teaching a height of 7 feet — 
above the ground, on north side of river Don, near bridge. 
Supposed to be Druidical (First Report, p. 25), 

~ Cruden.—Granite boulder measuring 37 feet in girth and 27 feet 
over it, supposed to be Druidical. Another weighs 20 tons. 
Another huge granite boulder, on which said, that “All Hallow 
Fires” used to be lighted (First Report, p. 22). 

Ellon.—Several boulders, one 22 x 94 x 8} feet, and another still 
larger, which have come from W. or W.N.W. (First Report, p. 24). 

Glass.—Several large boulders differing from adjoining rocks, 
more than 1000 feet above sea. | 

1, Notes by Mr T. F. Jamieson, Ellon (from Quarterly 
Journal of London Geological Society, 7th Feb. 1866) :— 

(1) On coast, south of Fraserburgh, there are several localities 

where the rocks are smoothed and striated in such a way as to show 
a movement over them from 40° N. to 60° W. 
_ (2) In the neighbourhood of Peterhead (at Invernettie Brick- 
work), many boulders of red and grey sandstone, and also of a 
tough greenish coloured stane, all which resemble rocks that occur 
in Caithness, but not in the adjoining parts of See (First 
Report, p. 29), 

(3) At King-Edward, “ there are deep masses of unstratified 
pebbly mud of a dark grey colour, very hard and firm, containing 
stones (some of which are ice-worn and striated), and fragments of 
shells, which are likewise occasionally scratched, It is like the 
Caithness drift in every respect,”—“ Besides this coarse stony mud, 
there are some beds of fine stratified sand, which often contain 
remains of shells in considerable abundance, most of them broken, 
but many of them entire,”—-“ There is another bed of fine dark 
grey silt, free from stones, containing arctic shells entire, and 
apparently 7 situ, with the epidermis on.” The Tellina calcaria 


occurs here of large size, with both valves connected by the ligament 
and shut, 
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ARGYLESHIRE. 


Kintyre.—(1) At Southend, and also along east coast, south of 
Campbelton, the Convener saw and examined a number of boulders 
of a whitish-grey colour, which the schoolmaster considered to be 
granites, adding, that he knew of no rocks of that nature in Kintyre. 

The Convener found pebbles of same rock in gravel pits at 
Campbelton, and was there informed that rock of same nature 
occurs to the north of Campbelton. Professor Nicol of Aberdeen, 
when he visited Kintyre, saw these boulders, and thought they had 
been transported from Arran, where there is rock of the same kind ; 
in which case, they must have travelled 25 miles across the deep 
hollow of Kilbrennan Sound in a direction from N.E, (Quarterly 
Journal of London Geological Society, vol. viii. p. 422). | 

About a mile to east of Campbelton, smoothed rocks occur, dipping 
or sloping N.N.W.—as if smoothing agent had come from that 
quarter (Siath Report, p. 5). 

(2) Near Kilhenzie, a few miles west of Campbelton, a hill reach- 
ing to a height of from 500 to 600 feet, is covered with drift, and 
(on its western slopes) with gneiss and mica slate boulders, several 
weighing above 150 tons. | 

Old Red Sandstone rock on west coast, covered with drift ; and on 
the drift, boulders of granite arid gneiss: Diagram given in Sixth 
Report, representing these on a bank sloping down N.N.W. towards 
sea, at angle of 25°. 

A boulder of gneiss found lying on mica schist strata, blocked 
at south end; its longer axis lying N. by E. and 8. by W. Boulder 
said to have come from north (Lithograph No. 1, Plate VIII). 

In a fissure of the mica slate strata on the sea-shore of west 
coast near Tangy Burn (the fissure running N. W: and S.E.), a boulder 
of hard gneiss, weighing about 15 tons, has fallen into the fissure. 
It presses on S. W. wall of fissure, showing that the boulder had pro- 
bably come from some N, or N.E. point. Fissure about 6 feet wide. 
A chip of one of the granite boulders found on west coast, having 
been submitted to Professor Heddle, he said that it was a peculiar 
variety, well known in the Mourne Mountains in the N.E. of 
Ireland, on account of there being frequently in it crystals of topaz. 


In the chip from Kintyre, sent to him by Convener, the Professor 
_ found two topaz crystals. 
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Loch Long.—On ridge (about 350 feet above sea), between this 
Loch and Gareloch, there are several boulders of mica slate. Largest 
11x6x6 feet. The rocks 7m sitw are clay slate. Longer axis in 


most is N. by E., parallel with Loch Long valley. Two of boulders 


blocked at south ends, 

In the Gareloch, on east beach, a little below onal, & gneiss 
boulder 18 x 15 x 12 feet (240 tons), with sharp end pointing N.W. 
At that end, surface is smooth—at south end, surface is rough. 

In Third Boulder Report (p. 5), reference made to an account of 
the grey granite boulders seen by the late Charles Maclaren, amount- 
ing in number to several hundreds, one weighing 30 tons. Mr 
Maclaren inferred that these had all come from N.N.W. The 
opinion of Dr Robert Chambers and Sir Roderick I. —_—— : 
also referred to. 

On east side of the loch, opposite to Ardentinny, gneiss boulder 
called * Jenny Meullens,” weighing about 380 tons, lying — 
in a gorge formed by rocky banks of a rivulet (Lithograph No. 2, 
Plate VIII.). Seemed from position to have come from north 
(Third Boulder Report, p. 1). | 

Another gneiss boulder 12 x 8 x 8 feet, with longer axis N. W. by 


—N. Strive on rocks adjoining run N. 2° or 3° W. The smoothed 


surfaces of rocks dip towards north. 

On Loch Goil, above Carrick Castle, gneiss boulder called 
“ Clach Udalain” (i.e, “ Stone unstable”), at height of 1526 feet 
above sea, lying on clay slate (about 300 tons) (Lithograph No. 3, 


Plate VIII.) (Third Report, p. 2). 


Loch Goil and Loch Long, junction of.— Giant Putting Stone,” 


resting on smoothed rock 450 feet above sea. Rocks smoothed only 


on north aspects (Lithograph No. 4, Plate VIIL.). 

Knap Farm.—Several boulders lying on similarly smoothed rocks 
(Lathograph No. 5, Plate VIII). 

Glen’ Finnart.—Gneiss boulder about 7 feet high, 824 
feet above sea, called “ Pulag,”—butted against a rock at its 
south end. Reasons given why this boulder and others of smaller 
size appear to have come from north. 

Firth of Clyde.—At Dunoon, Kirn, Innellan, Toward Lighthouse, — 
and Loch Striven, there are numerous boulders, many of large size 
on and near the shore, some of them with local names and legends. 
They differ from adjoining rocks. 
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On east side of Firth, near Gourock, immense numbers of 
blocks, on or near the shore, belonging to rocks situated to the 
N.W. in the districts about Loch Goil, Loch Eck, Loch Fyne, and 
‘Inveraray.—(‘‘ Among the rocks around Glasgow,” 1881, by Dugald 
‘Bell, p. 152.) 

Near Loch Glashan (400 feet above sea) smoothed and striated 
rocks, dipping down N.N.E. covered with boulders, apparently 
brought from N.E. where an opening among hills, towards Loch ~ 
Awe (Sixth Report, p. 9) (Lithoyraph No. 6, Plate VIIL), 

East Loch Tarbert.—About 2 miles N.W. of the tuwn, a conical 
hill, whose top is 710 feet above sea, well clustered with boulders, 
as shown on annexed woodcut. - bh summit of hill has one remark- 


Botilders on Hill, East ‘Tarbert, Kintyre. 
able boulder on it, 8 feet high and 5 feet each way in width. The 
boulders are all gneiss, whilst rock of hill is clay-slate. 

This hill separated from adjoining hills, which fortn a sort of 
amphitheatre round it, at a distance of about a niile. 

The boulder has thie fanciful gaelic name of Capel Cloiche, mean- 
ing Stone Mare. 

Between the above-mentioned hill and the village of Tarbert, on 
south side of road, there is a lower hill, also conical, having two 
large boulders on its N.W. slope. Convener did not reach them 
to examine them. | 

On hills adjoining East Tarbert village on the south, at from 280 
to 300 feet above sea, there are marks of some violent agent having 
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swept through the valley (now a sea loch) from — (Eis ghth 
Report, pp. 4, 5). 

On one of hills on north side of sea loch, and sloping down 
towards loch, a boulder found at height of 400 feet above sea. 
Boulder 7x 5x3}. Boulder apparently brought from S. or S. Ww. 
(Ninth Report, p. 3). 


Crinan Valley.—Summit level between Loch is and Crinun 


— Bay, about 150 feet above sea. 


At summit level, a ridge of rocks which present smoothed surfaces 
on north, but rough surfaces on south side of ridge. On both sides — 
of ridge there are boulders, but ten times more on north than on 
south side. 


Boulders are a syenitic gneiss, the recks in situ a shivery clay 


slate; dipping steeply towards south, — 


_ Three or four boulders are butted or squeezed up against ridge on 


north side, apparently obstructed by ridge in their further progress 
southwards (Seventh Report, p. 4). 


Ardchattan.—Granite boulder 14x12x6 feet. One rut on its 
top running whole length. Height above sea 57 feet. Nearest 
rock of same nature is on Ben Breac, 3 miles eastward. Near 


boulder, a ridge of sand and — running 1} miles (Reporter, 
Captain White, R.E.).* 


Loch Fyne.—Near Loch Gair, a 23x17 x12 feet of 


_ coarse gneiss (286 tons), lying on a knoll of gravel in an amphitheatre 


surrounded by hills. Its longer axis N.N.E, and 8.8. W. 
Inveraray.—Boulder of porphyry, pointed out to Convener by 


Duke of Argyll, at height of 1000 feet above sea. 


Boulder of coarse Conglomerate in same district, from 700 to 800 
feet above sea, which probably came from westward, where rocks of. 
Conglomerate are situated (Fourth Report, p. 10). 

On summit of range of hills separating Loch Fyne and Loch Awe, 
about 1800 feet above sea, the rocks present a well-rounded and 


-* Whilst these sheets are being printed, the Convener has had the pleasure 
of receiving a communication from W. Anderson Smith of Ledaig (Argyleshire), 
enclosing for perusal and inspection a Memoir by him entitled ‘‘ Benderloch 
Boulders, along with fifteen sheets of Illustrations.” Benderloch is the name of 
the district in Argyleshire situated between Lochs Etive and Creran, and in 
which the highest point is Ben Breac, 2338 feet. Mr Anderson Smith, in his 
letter accompanying the Memoir, mentioned that as it is intended to be read 
during the present session of the Glasgow Geological Society, he wishes it 
returned after the Convener has perused it, unless he wishes to bring it before 
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smooth surface. Direction of abrading forces there is from N.N.E. 
Remarked that, “in this case, glacier action impossible ;” and that 
apparently the peak had been a rocky islet, on which floating ice- 
bergs drifted. 

“On some of the lower ridges, towards Loch Fyne, an are 
remarkable examples of large blocks of granite perched upon the © 
very summits, in positions which it is impossible to suppose them 
to have attained, by any other means than by transportation upon 


ice” (Duke of Argyll, Proceedings of Royal Society of — 
vol, iii. p. 457). 

Loch Awe.—(1) About a mile south of Port cmsencbi a perched 
boulder of compact gneiss, 13x 12%x6 feet, stands on a narrow 
ridge of sott mica schist, in a peculiarly precarious position. Its 
longer axis N. and S8. Its height above sea 1026 feet. Sides 
of hill to the ridge, so steep, that Convener could with great 
difficulty climb up to the ridge. There being no higher hills near, 
supposed that boulder could have come only by floating ice, and 
from north, where there is the greatest opening (Z¢thograph No. 7, 
Plate VIII. (Stxth Report, p. 8). 

(2) On hills to eastward, about 900 feet above sea, the slopes facing 
north are well covered by boulders, The largest, 18 x 10 x 10 feet 
(130 tons), has its longer axis lying N. and 8. (Sixth Report, p. 10). 

Brander, Pass of.—On its east side. two terraces, at 68 and 


his colleagues of the Boulder Committee, and that the Convener is free to 
refer to the paper in any way. 

The Convener thinks very highly of Mr Anderson Smith’s paper, and especi- 
ally of the illustrations. But he does not feel justified in detaining it, as the 
meetings of the Glasgow Geological Society for the present session will prob- 
ably soon terminate. The great value of Mr Anderson Smith’s illustrations 
may be judged of even from the mere titles of a few of them. 

(1) Granite Boulder (12 to 15 tons), a few feet from the top on northern 
face of a hill over Loch Creran; greatest diameter 10 feet N.W. and S.E.; 
smallest end N. W. 

(2) Boulder on Table land, below the above (10 tons); N.W. and S.E. ; 

smallest end N.W. 

(3) Black Granite Boulder (10 tons); greatest diameter 8 feet, lying N.W. 
and S.E. ; smallest end N. W. 

(4) Grey Granite Boulder, over Barcaldine Gardens, 400 feet above sea, 
19x 12x7 feet ; longest axis N. W. and S.E. | 

(5) Grey Granite Boulder, 300 feet above sea; 18x7x5 feet ; longest 
diameter N. and S. 

(6) Ardchattan Boulder (mentioned in this Committee’s Report) is in one 


of the illustrations represented as partly buried in moss, and weiguing about 
50 tons. | 
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120 feet respectively, above Loch Awe, with several boulders on 
each (Fourth Report, p. 9). 

(3) Remarks of a general nature (p. 11) applicable to boulders 
at Dalmally and Tyndrum. 

(4) Boulder 24 x 11x 7 feet (136 tons), resting on a gravel knol 
on south bank of Loch Awe, at Kaim (west of Port Sonnachan), 
Boulder in a meadow surrounded by steep hills on all sides but 
one, viz., the West (Sixth Report, p. 11). 

Between Port Sonnachan and Kaim, rocks smoothed and striated, 
seen on road side. 

On the island of Znntsdraiodhnich (Druid’s Isle), in Loch Awe, a 
large boulder was reported to Convener by Mr Muir, the proprietor, 
but Convener was unable to visit the island (see notice in vol. vii. 
p. 226, of Transactions of Society af Scotch Antiquaries). 

Ardrishaig—on Loch Gilp, a branch of Loch Fyne, On hills 
above town, boulders and striated rocks, suggesting transport from 
north; and in oné éasé, transport —— a lateral valley from 
N.W. (Sixth Report, p. 12). 

On Auchendarroch lands, two large boulders seett, with N. and 
S. axis, lying on a hill slope facing S.E., at a height of 300 - 
above the sea. 

Ascending to a higher level, where hill slope faces N.N.E., 
several boulders found, of sizes not so great as the above. 

All these appeared to have come from northern points. 

Ach-na-briack (Field of Spots), near Loch Gilphead, visited to 
see sculptured cup or ring markings on smoothed rocks. 

Rock surfaces evidently smoothed by natural agency. They are 
in different parts of field. All slope down at angle of 10° or 12° 
towards S. W. 

One small boulder seen on west side of rocks, as if intercepted by 
rock in its progress eastwards. Difficult to say how or from what 
direction smoothings effected. May have been by heavy mantle of 
ice, sliding over rocks from hills to N.E. 

The concentric ruts are numerous, and of various diameters and 
depths, some even 2 feet across. The straight rut issuing from 
centre and across circular ruts, generally, though not always, follows 
downwards slope of rock (Ninth Report, p. 10). 

Loch Killesport.—A little to west of Ormsary House, on the 
shore, three very large boulders of gneiss, two weighing respectively 
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106 and 300 tons. Two have longer axis pointing N.W., the other 
with sharpest end pointing W.S. W. | 

About a quarter of a mile east of Ormsary House, a boulder, 
from which part at west end broken off. Before being broken, size 
was 52 x 36 x 20 feet, containing about 2770 tons ;* lying on drift at 
the foot of old sea-bank, whose base is about 40 feet above sea-level. 

In this part of coast an immense number of other boulders of 
different weights up to 400 tons, some touching or lying on others. 
They are mostly on slopes facing westward (Lithograph No. 8, 
Plate VIII.) (Sixth Report, p. 14, and Ninth Report, p. 4). 
Valley of Auchloss, about 2 miles to east, shows smoothed 

rocks. The direction of valley is E. and W.; the direction of striz 
W. by N. 

In Baronlongart Valley, ranning E. and W. between Ormsary and 
Achloss, rocks ground down and smoothed, evidently from weatward. 
A few boulders in valley. 

(5) Clach Briach Hill (Stone Spotted Hill), about 400 feet above 
sea, well covered by boulders; many very large: Some so placed as 
to show they had probably come from N.W. Rounded on N.W. and 
rough on §.E. ends. Apparently all of same description of rock as 
“ Big Boulder” before mentioned, a compact fine-grained gneiss, 
— Rocks of hill, a soft schist, and on edge — in Ninth 
Report, ‘p. 4). 

Fragments broken off S.E. ends of several large boulders, by 
some natural agency. 

Two large boulders, 17 x 8 x 8 feet and 18 x 10 x 10, touching one 
another in such a way as to show that the last which came probably 
came from N.W. | 

Loch Sweyn—an arm of sea 10 miles west of Lochgilphead. 

(1) At Keill, on north side of Loch, at mouth, several granite and 
gneiss boulders lie on the shore, and on slopes facing Jura Island, 
Rocks 7 situ, are dark coloured Silurian. | 

(2) In Carig Bay, near Lochgilphead, in north Knapdale parish, 
a boulder is on a hill slope facing N.W. and Jura Island. 

(3) At Loch Mhurrich, a boulder 36 x 15x13 feet (520 tons), 

resting on a knoll of drift, in a meadow, surrounded by low hills ; 


* This boulder, first made known to Convener by Mr Campbell of Islay, who 
stated that it is the largest boulder he had seen or heard of in Scotland. 
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which are also well coated with boulders, Its longer axis, W.S.W. 
Its west end, 5 feet thick vertically; its east end, 12 feet thick 
vertically, must have come from westward, by an opening in the 
hills in that direction (Sixth Report, p. 16, and Ninth Report, p. 7). 

(4) Numerous small lateral valleys opening.on Loch Sweyn, the 
sides of which coated with boulders, these sides sloping down ~ 
chiefly towards and facing W.N. W. 

(5) Kilmory Bay.—Rocks smoothed and striated, with large 
boulders lying close at hand—their longer axis generally W.S.W. 
(Seventh Report, p. 10, and Ninth Report, p. 9). 

The smoothed rock surfaces here dip down towards 8. by E., 
South, 8.8.E., and Where the rock slopes down 8.E., the surface 
is not striated, only smoothed. The rock has been most severely 
_ striated on its surface sloping down S: and 8. by E. Some of the 
strie more deeply cut at one end than at the other, viz., at their 
west ends, where some as much as 3 inches wide, The striating 
agent had therefore moved from W. by 8., or from due West. 

Portions of the smoothed surface were broken into small cup- 
shaped hollows, containing hard pebbles firmly compacted,— 
probably samples of, the tools which effected the striations (see 
Ninth Report, p. 9, and Lithograph No. 11, Plate VIIL). 

The hill to the east consists of a ridge running about E. and W., 
and rising to a height of about 600 feet. Its north flank slopes 
steeply down towards Loch Sweyn, and is covered by boulders in 
immense numbers, and some of great size. The hill slope faces 
down N.N.W., but almost all the bouldérs lie with their longer 
axis pointing W.N.W. 

About half a mile farther east, on a much steeper part of this hill 
slope, there is a cluster of huge boulders, the uppermost lying on 
the rest in such a way as to show it must have come from the west- 
ward (see Ninth Report, p. 10, and Lithograph No: 10, Plate VIII.). 

- Taynish.—(1) A large assemblage of boulders lying on rock of 
shore near Taynish House (property of Captain Campbell of Inver- 
neil), Largest 18 x 11 x 8 feet, lies on broken edges of vertical strata. 
Longer axis lies W. by 8.; and its narrowest end points west. 
There is another boulder 19 x 15 x 5 feet; its longer axis N.E. and 


S.W. Greatest number of boulders lie on rocky slope facing north- 
westerly. 
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Several other large boulders near Taynish House reported, but 
not seen. 

(2) On each side of road to Ardrishaig, many boulders observed ; 
—occupying chiefly north-westerly hill slopes. : 

(3) Near Crinan Canal at Ballanach, about 4 mile from canal, at 
— 300 feet above sea, boulder, 16 x 9 x 9, on north side of valley. It 
lies on bared rocks. Its longer axis coincides with axis of valley, 
viz., 8.W. by 8. (Winth Report, p. 8). 
~ Numbers of large boulders lie on hills to eastward, chiefly on 
slopes facing N.W.—(Diagram given in Ninth Report.) 

(4) Dana, Island of—On the shore of this island, forming the 


Dana Boulder. 


north bank of Loch Sweyn, and nearly opposite Castle Sweyn, there 
is on the shore a boulder weighing from 70 to 80 tons (see 
_ prefixed woodcut), Its sharpest end is towards west, and longest 
‘axis parallel with the axis of the loch (Seventh Report, p. 12). 

On the south bank of loch here, there is a projecting mass of 
rock on which Castle Sweyn has been built. On the west side of 
this rocky mass, a number of boulders lie, as if intercepted by the 
rock in their progress from the west, The narrowest part of the 
Loch is here ; so that on this account there is the more probability 
of blockage having occurred at this point. 

Oban and Neighbourhood.—(1) Grey granite boulder 12 x 8 x 6 
feet at Dunolly, Nearest granite rocks are on Loch Etive, to east- 
ward, but doubted whether of same variety. The boulder is at foot 
of a cliff of Conglomerate rock. 

(2) A mass of Conglomerate rock above the town, well rounded. 


On the side facing N. W. the hard pebbles are all ground down ; on 
east side the pebbles of the rock are rough. 
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(3) Oban.—At south end of town, there are cliffs of old conglome- 
rate rock, from which blocks have been carried southwards and 
are strewn on a meadow to a distance of from 100 to 200 yards from 
the cliffs (Seventh Report, p. 4). 

A plan given to show where these boulders situated, many being 
on hill slopes facing N, and N “Ws These steers are — all 
grey granite, 

On the hills, near Professor Blackie’s cottage, there are several 
large grey granite boulders on slopes facing N. and N.W. 

On small island in Oban Bay, several grey granite boulders, so 
situated, as to show transport from north (Seventh Report, p. 7). 

On the farm of Dunbeg, near Connal Ferry, a boulder of grey 
granite lying on rocks of clay-slate, in a position showing transport 
from N,W, (Seventh Report, p. 8). 

At Dunstaffnage, about 5 miles N.E. of Oban, the rocks smoothed | 
in such a way as to suggest movement over them of an agent 
from eastward, viz., down Loch Etive. Along the shore, up 
towards Loch Awe, there are rocks similarly smaathed, as shown on 
the annexed woodcuts, _ 


Rocks smoothed from Eastward in Loch Etive, 


(4) At “ Lailt,” a dark porphyry boulder called ‘‘ Clach-a-Currail” 
(z.e,, perched boulder), from its precarious position, Differs from all 
the rocks in district. Remains of a granite boulder also here. 

(5) Glenlonan.—Several boulders, at heights of from 1600 to 
1700 feet, of various kinds of rocks, Boulders are on both sides 
of summit level, but the greater number are on slopes facing the 
north, and the smoothed rocks also chiefly face the north. 

(6) Loch Etive.—At Airde Point, many boulders on slopes look- 
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ing up towards Loch Awe and Ben Cruachan, as if brought by 
glacier ; but they might also have come from north by floating ice, 

Rocks on south shore of loch, above and below Connell Ferry, 
showing smoothings, strongly indicative of glacier from head of loach. 

Angular grey granite boulder, 1] x 9x 7 feet, above Bonawe 
Ferry at Innerlievern, 

(7) Kerrera, Island of—Numerous grey granite boulders on 
beach at north end of island ; so placed, as to show transport from 
the north. Granite boulders with red tinge, found on Ballimore 
farm at from 350 ta 440 feet above sea; but no granite rocks on 
island. Nearest place where such granite known is at Morven, 
about 19 miles across the sea to the north, 7 Mull granite said 
to be different, 

On the farm of Bal-na-Bok, about 20 boulders seen by Caavens 
all granite except one, 

(8) Hasdale.—Many grey granite webbie lying on blue clay 
slate rocks. Supposed to have come from Mull Island, it being 
nearest place for such granite ; and na obstruction in that direction. 

One olay stone boulder of a purple colour was found ;—said that 
rock of this character exists to the south, 

(9) Ben Cruachan ascended to height of 2725 feet. Until contour 
of 1335 reached, few boulders seen. Above that, very numerous 
on N.W. shoulder of hill.) Towards N.W. less obstruction to trans- 
port, than from any other quarter, Towards W.N.W and N.W. no 
hills, but those in Mull and Ardnamuychan, distant 30 to 40 miles. 

Boulders are of red and grey granite, The sizes of four or five of 
largest given, The rocks of Cruachan, where these houlders lay, 
are chiefly a red granite, 

Longer axis of boulders ‘and rock, striae. point N. W, 

At heights of 334 feet and less, rocks appeared to have been 
smoothed fram W.S.W., as if by glacier from Loch Awe. Above 
that height, the direction of the strie is N.W. by N,, N.N.W., | 
and W.N.W.,, the last heing most persistent in the highest parts 
of the hill, Some of these Cruachan boulders le on beds of 
gravel, up to a height of 2000 feet (Fifth Report, p. 48). | 

Lismore, Island of—Boulders of granite, red and grey, lie on the 
Limestone rocks. Old sea terrace well marked on island. 

Appin.—On the shore of Linnhe Loch, two granite boulders, one 


| 
| 
| 
| 
| 
| 
| 
| 


784 Proceedings of the Royal Society 


20x 18x 11 feet (292 tons), the other 15 x 11 x 10 feet (122 tons), 
differing from adjoining rocks, which are clay slate (First Report, 
p. 26). 

_ Loch Creran.—At Fasnacloich, boulders of black granite, two of 
380 and 280 tons respectively. The boulders have their sharpest 
ends pointing towards mouth of Loch viz., to S.W., The 
rocks 7” sitw are different. 

Chips from these boulders having been submitted by the Convener 
to Professor Judd (Kensington Department), he identified them as 
similar in composition to rocks seen by him in Skye, Mull, and Ard- 
namurchan. It appeared to him that the Appin boulders, before 
mentioned, were the same in composition as the Fasnacloich boulders. 

Professor Judd stated, that these Loch Creran and Appin 
boulders are not granites, but ‘rocks of a basic composition,—a 
gabbro with some black mica” (Fourth Report, p. 11). 

At mouth of loch, rocks smoothed (when facing W.N.W.) up 
to about 70 feet above sea. About a mile higher up loch, 
smoothed rocks face W.S.W: at height of 80 feet above sea. 

Near sea level, smoothing seemed due to some force moving down 
valley. Rocks at a higher level. seemed to. have been smoothed by 
force moving from N.W, 

In Glen Creran most, of boulders lie on drift, At one place 
boulders form a cluster on a rocky knoll. 

Statement by Mr Hall, an intelligent residenter, that a trainée of 
boulders is traceable from Glen Creran through Carroban Pass, 
situated on S.E, part of Glen Creran (7i/th Report). | 


AYRSHIRE. 


Coylton.—Granite boulder 11 x 74 x 5: feet. Longer axis N. and 

S. There are four more boulders, weighing respectively 4, 8, and 12 
tons, and form a line running N. and 8S. Legend that King Coil 
dined on large boulder (First Report, p. 28). 

Dailly.— Granite boulder about 36 tons on Killochan estate, 
called ‘‘ Baron’s Stone,” about 100 feet above sea. Lies on Silurian 
rocks ; various other granite boulders south of River Girvan, on hill 
slopes. Oneon Maxwelton Farm, contains 240 cubic feet. Another 
on top of Barony Hill above Lannistane, 1047 feet above sea (First 
Report, p. 28). | 
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Doune Loch.—Two miles south of, granite boulder called “ The 
Kirkstane,” 25 x 20 x 12 feet (444 tons), so called because used as 
a pulpit for preaching from (First Report, p. 29). 

Girvan.—Thousands of granite boulders and some whinstone 
boulders, for miles along the shore near Turnberry Point. Rocks in 
situ are sandstone. Nearest granite rocks are in Arran. 

Along coast 4 miles south, in a ravine, two. boulders of altered 
greywacke ; one weighing 180 tons, the other 100 tons (First 
Report, p. 29). 

Kilwinning. —On, Misk a pit was sunk for coal through 
boulder clay. Boulder of dolerite and a flint nodule found, at depth 
of 23 feet from surface. Flint was 3} inches in diameter and 24 
inches thick. Dolerite. was. water-worn and roughly scratched. A 
flint nodule found on Inchlonaig, an island in Loch Lomond, 
in boulder clay, with arctic shells (Letter to Convener from Rev. 
David Robertson, Glasgow, dated kLOth November £876).* 

Maybole.—Granite boulder, flat and oblong, on slope of hill above 
River Doon, on Auchindrane, at height of 230 feet above sea, known 
as Wallace’s Stone, from tradition that a rude.cross now carved on 

it represents his sword [Notes of cases from; Dailly, Girvan, and 
-Maybole, sent by Professor Geikie] (First Report, p. 29). 

Ardrossan.—Near-Hunterston. on the.shore, boulder of grey com- 
pact granite 11 x 6 x 54 feet and 264 feet in girth, opposite to great 
Cumbrae Island and about 12: miles from Arran (Second Report, 
p. 149). 

On the shore. about 2 miles. to. YN. W. of: ieee the “ Boyd- 
stone” boulder of porphyry, about 19 x 19 feet (about 320 tons), on 
property belonging to Mr Alexander. Rocks here are Old Red 
Sandstone. Boulder partly buried in mud of the shore, but about 9 
feet in height visible. 

Two other boulders. on Mr Alexander’s property, one of them 
even larger than the foregoing,—of gneiss (Second Report, p. 149, 
Third Report, p. 3). 

Stinchar Valley.—Boulder of claystone a cubic yard in size lies 
near hamlet of Poundland. Seemed identical in mineralogical 


* In vol. vi. part 2, of Glasgow Geological Society’s Transactions, pp. 186- 
190, notices will be found of flint nodules found on various other parts of 
the ‘Ayrshire coast. 
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character with rock of Glasgal Hill situated to N.E., and also with 
rock on shore to west at Bennane Head (Stath Report, p. 33). 

Culmonell.—Half a mile to north, at height of about 200 feet 
above sea, a dolerite boulder 27 x 23 x 12 feet (552 tons), its longer 
axis N.and 8. It lies on till. A small boulder, apparently a frag- 
ment of Jarge boulder, lies to the south (Sixth Repart, p. 33). 

Another boulder of dolerite, which had been 21 x 21x10 feet 

(326 tons), with longer axis N. and S,;—now rent into fragments. 
Query.—Did boulder break by falling from a height? 
_ Lendalfoot.—A little to north, an Old Red Sandstone Con- 
glomerate boulder 8x 6x6 feet. It is undistinguishable from the 
Conglomerate rock of Wemyss Bay, situated about 30 miles to the 
north (Sixth Report, p. 33). 

Beith.—On Cuffs Hill, consisting of porphyry, there are on its 
north side many small granite blocks which must have come from 
the west or N. W. 

(1) Mr Robert Craig of Beith, in several papers read before the 
Geological Society of Glasgow (7Z’rans., vol. iv. parts 1 and 2), divides 
the boulders in the north of Aryshire into two classes. One class con- 
sists of rocks foreign to the district, viz., Old Red Sandstone, granite, 
quartz, gneiss, mica of chlorite, schists, and clay slate, These he 
thinks were transported from mountains in the N.W., distant from 
50 to 70 miles, by drift ice and marine agency. The other class he 
derives from rocks situated to the N.E, and at no great distance, 
transported by land ice. 

(2) Messrs Crosskey and Robertson also sent to the Glasgow 
Geological Society (Z'rans., vol, iv. part 1) an account of boulders of 
great size, and in large numbers, found in excavating new docks at 
Greenock, The great majority of the larger boulders are sandstones 
of the neighbourhood ;—the remainder are of quartz, mica schist, &c., 
from the Argyleshire mountains to the N.W. 

(3) Mr Robertson, in the Glasgow Geological Society’s Transac- 
tions, 19th Jan. 1877, gives an account of large boulders, covered — 
with Balant and Serpule, in a bed of sandy mud 18 feet deep, con- 
taining also nodules of flint, | 

The conelusions he drew from the boulder being covered with 
marine zoophytes was, that after being so covered, they had been 
lifted up by shore ice and transported to their present position. 
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BaNFFSHIRE. 


Banff._—Between Banff and Peterhead, beds of glacial clay, 
similar to that of Caithness, and probably drifted from thence 
(First Report, p. 29). | 

Near Peterhead, many boulders of granite and trap, one of these 
of a greenish colour, not known in situ in Aberdeenshire, but occurs 
in Caithness (Jamieson, Lond. Geol. Soc. Jour., xxii. p. 272). 

Boyndie. —Hypersthene boulders found along shore for some miles, 
Supposed to have come from rocks to S.E. (First Report, p. 29). 

Fordyce.—A line of boulders through several parishes i ina 8. and 
N. direction. - They | are a blue whitistone. In Ordiquhill parish, so 
close as to touch. Height above sea 500 feet (First Report, p. 29). 


BERWICKSHIRE: 


Berwick.—On Castle Terrace, boulder clay excavated for water 
pipes. Many boulders found in clay bed, of granite; sneiss, lime- 
stone, blue whinstone, greywacke, &c., all rounded: The granites 
showed two varieties, grey and red. Nearest granite hill is Cock- 
burn Law, about 30 miles to N.W.;—nearest blue whinstone in rock, 
is about 25 miles to west (Second Report, p. 149). 

Berwick.—About half a mile to north of the town, four boulders 
pointed out to Convener by Captain Norman, R.N., on side of a road 
leading to Halidon Hill. The boulders are each from half a ton to 
a ton in weight. Two are of fine grained gtanite;—one grey in 
colour, the other with a shade of pink. 

- The other two boulders are a dark porphyry ;—the nearest 
locality for which is Lamberton Hill, situated about 2 miles to N. 
and N.N.W. (Seventh Report, p. 13). 

Burnmouth.—Near railway station, in a gravel bed over greywacke 
rocks, a well rounded block of pinkish granite found by Convener. 

He sent a chip to Mr Macdonald, granite worker, Aberdeen. He 
- answered that it was a rare variety of granite. He knew of its 
existence 7m situ, only at Kincardine O’Neil (Deeside) and about 
Ballatar and Braemar, in the form of boulders, and as a rock in the 
Island of Uist (Hebrides) (Second Report, p. 149). 

Coldstream.—A block of white chert limestone, about 4 feet 
square, very irregular in shape, found in a gravel bed at the Hirsel 
(the Earl of Home’s). 


| 
; 
| 
i 
i 
i 
| 


788 Proceedings of the Royul Society 


The only place where rocks in situ of this nature found, is on the 
opposite, z.¢., the south side of the Tweed, at Carham and Nottylees, 
distant from Hirsel 3 or 4 miles, and bearing W. by S. (Second 
Report, p. 150). 

Duns.—On farm of Cockburn, 2 miles N.N.W. of Duns, a 
boulder of mica schist, from 2 to 3 feet in length and breadth, lying 
at base of a steep hill facing the south, No mica schist rocks in 
Berwickshire, or nearer than the Grampians (Second Report, p. 150). 

Foulden.—Several small boulders of coarse syenite, lying on Old Red 
Sandstone, composed of red felspar, black hornblende, and small flakes 


of mica; largest boulder is 5 x 34 x 2 feet. Sharpest end points N.W. 


Nearest hill where similar rocks occur is Cockburn Law, 8 miles 
to N.W. (Second Report, p. 150). 

Greenlaw.—At Marchmont (residence of Sir Hugh Hume Campbell) 
about 930 feet above sea, a blue whinstone boulder 94 x 5 x 44 feet, 
with faint strize on top, parallel with longer axis, Rocks in situ, Old 
Red Sandstone. Nearest whinstone rocks are in Gordon parish, 5 
miles to west (Second Report, p. 150). 

Gavinton.—Boulder clay 10 to 12 feet deep, covered by beds of 
gravel and sand, in some places 12 feet thick. In the clay, the 
boulders composed of rocks recognised as occurring im situ in 
localities W. by N., as at Kyles Hill and Dirrington,—these hills 
being from 3 to 6 miles distant (Fourth Report, p. 20). 

Ayton Parish——Several small boulders of grey granite, 270 feet 
above sea, on Whitfield farm. Nearest granite hill, Cockburn Law, 
10 miles W.N.W. 

Near Ayton Castle, pieces of coal found in deep bed of sand, about 
200 feet above sea. Coal strata occur in Mid-Lothian on north 


side of Lammermuir Hills, 40 miles to N.W. (Sixth Report, p. 17). 


Coldingham Parish.—On Cocklaw Farm, well rounded masses of 
hematite ore found, turned up by plough, at height of 500 feet 
above sea. Nearest place where hematite known isin East Lothian, 


about 30 miles to N.W. 


On the same farm, blocks of white Bo = ae found, which is not 
known to be nm stfu nearer than East Lothian (Siath Report, p. 17). 
On the rocks near Coldingham Loch, and at St Abb’s Head, the 
strize on the lochs show a movement from N. by W. (Ed. R, S. 77., 


vol. xxvii. p. 36). 
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Chirnside Parish.—On Oldcastle Farm, numerous boulders of grey 
granite, from one to two tons in weight and 300 feet above sea. 
Nearest granite hill is Cockburn Law and Stenchel, about 8 miles to 
N.W. (Sixth Report, p. 17). 

Edrom Parish.—At Blackadder, a boulder of blue ‘thinitone on 
knoll of gravel, about 250 feet above sea. Nearest rock of same 
kind is at Hardens, 5 miles to N.W., which is 500 feet above sea. 

Hutton Parish—In Paxton brickwork, blue whinstone boulder 
found 74 x 44 x 3 feet, weighing about 10 tons, with striz on one 
of its sides parallel with longer axis. Its longer axis N.W. by N., 
about 230 feet above sea. In that direction only there is whin- 
stone rock in situ, viz, Borthwick Hill, situated 12 miles to 
N.N.W., about 600 feet above sea; Atsame brickwork, in a bed of 
boulder clay, small boulders of red conglomerate, greywacke,and chert — 
found ; also the brick-coloured porphyries of Kyles Hill and Dirring- 
ton, situated from 14 to 16 miles to westward. The whinstone 
boulder taken by Convener into Paxton Policy for preservation. 

Blocks of same blue whinstone occur on adjoining lands of 
Broadmeadows and Sunwick, _ 

Blocks of a very peculiar crystalline greywacke, with cavities, 
and of a black colour, occur in Pistol Plantations (Edrom parish). 
The only locality in Berwickshire for this rock is in the channel of 
the River Whitadder, east of Cockburn Law, at a distance of 12 
miles N.W. Blocks of the same rock are found on the farms 
which lie between Pistol Plantations and Cockburn Law _ 
Report, p. 18). 

Stitchel Parish,.—Pebbles of Old Red Sandstone lying on blue 
whinstone rocks at Stitchel Craggs, at 600 feet above sea. Nearest 
place where Red Sandstone strata known is some miles to west 
(Sixth Report, p. 18). 

On west sides of those craggs, smoothed surfaces of whinstone 
dipping towards or facing W.N.W. (Sixth Report, p. 18). | 
- At Baillie Knowe in same parish, 300 feet above sea, a whinstone 
hill, with similar smoothed surfaces, fronting W.N.W. 

On Smailholm Craggs (3 miles west of Stitchell) at 570 feet 
above sea, rocks facing W.N.W. show striz by an agent moving 
from W.S.W. | 

Earlston Parish. —Blocks of felspar porphyry, from Contes: : 
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knows Hill, strewed over muirs to east, resting on an Red Sandstone 
strata (Sixth Report, p. 18). 

Hume Parish.—Rocks on craggs there at 740 feet eine sea, 

smoothed and striated in E. and W. directions (Siath Report, p. 19). 
(For other cases in Berwickshire, see paper by Mr Stevenson, in 
Berw. Nat, Club. Trans., vol. vii. p. 20.) 

Mordington.—A block of very coarse-grained syenite found near 
top of Halidon Hill, on a slope facing west, at a height of about 
400 feet above sea. The only hill in Berwickshire where syenite 
rock occurs is the Stenchel, on east side of Cockburn Law, about 
10 miles to W.N.W. | 

The Convener submitted a specimen of the block to the late Mr 
Stevenson of Duns, who was a good geologist; and well acqtiainted 
. with Berwickshire rocks, He was of opinion that the block 
closely resembled & syenite which he had seen in Mull (Ninth 
Report, p. 11). | | 

Kaims.—In different parts of this county there aré numerous 
examples of Kaims. One on Greenlaw Muir is continuous for 
nearly 2 miles. They are numerous also in the lower districts, 
and are there niore or less parallel to one another, and to the 
general axis of the Tweed valley. The average direction near 
Kelso is N.E. by N. ;—in the east part of the county the average 
direction is E. 10° 8. (Ed. &. S. 7r., vol. xxvii: p. 29). 

Big Cumbrae Island.—Many boulders of mica schist lying on Old 
Red Sandstone tocks of island. Largest boulder seen 12 x 6 x 3 feet, 
with longer axis N.N.E. lying in valley running N.N.E. at north 
end of island. Mica schist boulders occur dlso at S:W. end of 
island (Second Report, p. 151, and Sixth Report, p. 24). 

Little Cumbrae Island.—On highest part of island, about 400 feet 
above sea, rocks i situ (claystone trap) sloping down towards N.W., 
have been smoothed by sonié heavy agent pussing over them, from 
N. by W. Several bouldérs of Old Red Conglomerate found. The 
largest.is about 5 feet square and rests on rock, with so small a basis 
that it can be rocked, known by the name of “‘Bell Stane.” Rev. Mr 


Lytteil suggested to Convener that name may have been originally 
‘¢ Beltane,” on account of fires lighted on it in Pagan times. Close 
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to this block there is another Conglomerate boulder of smaller size, 
with an ancient cup-shape hollow on its surface, apparently artificial, 
4 inches in diameter and 4 inch deep. Height above sea 190 feet 
(Sixth Report, p. 25). 3 

No Old Red or Conglomerate rocks in island. Nearest are at To- 

ward Point and Rothesay, from 12 to 20. miles across the sea to N. W. 

“Split Boulder,” first mentioned by Smith of Jordanhill, 
visited. Lies at sea-level, on rocks much smoothed and striated, 
forming east side of a trough, axis of which runs N.E; by N. Some 
of the strize are continuous for 30 yards. Striating agent must 
have moved from due north (Sixth Report, p. 25). 

Ailsa Craig, a mass of white porphyry, reaches.to.a height of 1114 
feet, Ata height of 600, feet, on north side, there is a bed of clay 
mixed with sand of a red colour, derived probably from the débris 
of the Old Red Sandstone rocks of Arran, Big Cumbrae, Rothesay, 
and Toward ;—all situated to.the N. and N.W. Pebbles of granite 
and quartz said to have been seen on the Craig (Sixth Boulder 
Report, p. 23). 

Arran, Island of.—(1).In Brodick Bay (East.Coast), no boulders ; 
but along coast, to north and also to south, numerous and large 
boulders, | | | 

Corriegill_—Boulder of grey granite, has longer, axis and sharp 
end to N.W. Same kind of. granite in Goatfell mountain, distant 
4 miles bearing N.N.W. | | 


Another boulder, 12 x 9 x 8 feet, half.a mile to north, has its longer 
axis N. and §. 

(2) Near Corrie, two large boulders of. granite sit near each other 
on plateau or terrace, about 93 feet above sea. Largest may weigh 
about 620 tons. Longer axis and sharpest end point N. by W. 
Rock on which it lies is Carboniferous sandstone. These two 
boulders must have been carried,—there being no adjoining hill 
rom which they could fall. Goatfell bears from them W. by S., 
and is distant about 3 miles. By aglacier they could not have been 
carried, as they are not ina valley, or near any valley from which 
a glacier could have issued (Sixth Report, p. 21). 

(3) To the north of Corrie, about 2 miles, the road passes a large 


boulder on the sea-shore called the “ Catstane,” whose weight is esti- 
mated at 362 tons. 
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Near. this boulder there is a granite boulder, with a weight of 
about 212 tons. Its longer axis lies N. and S., the narrowest end 
being to, the north. 

(4) There is another granite boulder on the old sea-beach, ata 
height of 12-feet above high water. It rests on Conglomerate strata, 


which dip towards the south. It is blocked at south end, by a knob. 


of Conglomerate rock, which seems to have obstructed it in its 
progress from the north (see Diagram in Sixth Report, pl. xix. 
fig. 5; also Lithograph No, 9, Plate VIII). 

Many blocks of this Conglomerate Sandstone have been carried 
- along the shore southwards ;—none found to. the north. 


(5) On the hills west of Corrie there are rocks with stris on — 


‘smoothed surfaces at a height of 158: feet above sea, The direction 
of the striz is N. W. and S E. 

On these hills, up to 587 feet above the sea, there are many 
boulders,—mostly of grey granite, and a few of Conglomerate. 

Between those hits and Goatfell there is a deep valley, well 
strewed with granite blocks. Most of them are. rounded. On west 
side of valley, hill climbed to a height of about 1270 feet. One 
boulder attracted attention, being 23 feet long $ feet wide and 12 
feet high (184 tons). This, and many others, lay with longer axis 
N. and 8. Its position showed that it had nof fallen from any hill, 
and must have. been cazried to,its present site. 

(6) In crossing to. Loch, Ranza, Convener saw. to the south of the 
high road numerous “perched” blocks qn the tops and ridges of 
the hills at heights of from 1506: to 2000 feet above the sea. He 
regretted not being able to examine. them. They were most 
numerous on hil] slopes facing N.W. | 

The absence. of boulders in Brodick Bay, whilst they lead 
along the shore to the north. and: south, invites special explanation. 
If a glacier descended from. Gpatfell, boulders should have been 
numerous in the bay and valley leading. up from it to Goatfell. If 
the boulders came on floating ice from, the N, or N.N.E. they 
would be dropped along the east shore, and on the hill slopes facing 
the north. But they would be deflected from Brodick Bay, by a high 
ridge of rocks which comes down from Goatfell to the north of 
Brodick Bay (Sixth Report, p. 22). 

(7) Beds of fine clay in south end of Arran (first described by 


| 

| 

| 
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Rev. Mr Watson) contain Arctic shells, sometimes in a broken or 
crushed state. This fossiliferous stratum is covered by a great thick- 
ness, of what Mr Watson calls boulder clay, but which Messrs Bryce 
and Croskey call upper drift beds. The upper stuff also contains 
broken shells (Jamieson in paper published in Proceedings of London 
Geological Society of February 1866, p. 276). 

Bute Island.—East coast, north of Rothesay, examined, and a list 
of boulders found there given. They consist chiefly of schists lying 
on Old Red Sandstone and clay slate rocks,—and must have 
come from the hills to the north (Seventh Report, p. 14). 

Along west coast, north of Ettrick Bay, there are numerous 
boulders, also of schists, which show by their positions that they also 
came from north. Several of these boulders are standing on end 

| leaning against rocks on their east sides (Seventh Report, p. 16) 
| (Lithograph No. 12, Plate VIII). | 

Barone Hill, situated about 3 miles §.W. of Rothesay, at a height 
above the sea of about 500 feet, has at its west end a rocky gorge 
with remarkable striz on sides, which indicate passage through 
| gorge of a powerful current of some kind, hurrying through it 
| from a northerly point, stones and rubbish. A diagram given of | 
some of the stris, showing that they have been incised more deeply 
at north ends than elsewhere, in consequence probably of the 
pebbles becoming blunted by friction by being ayant against the 
rock, 

This spot is referred to in a paper “ On Glacial Drift in Scotland,” 
by Professor Geikie, who gives it as his opinion that “the abrasion 
(of these Barone Hill rocks) has been done by an agent, which came up 
the steep northern face of that eminence, went right over its summit, 
and pursued its course down into the next valley beyond. The 
striations (the Professor adds) run from N. 15° W. to N. 20° E.” 
(Seventh Report, p. 20) (Lithograph No, 13, Plate VIII). 
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CAITHNESS. 


_ Dunnet.—Conglomerate boulder of small size, apparently from 
Maiden Pap Hill, 30 miles to south. Several large boulders in 
parishes of Olrich and Cannesby (Fist Report, p. 29). 


Thurso.—Near Castletown, large granite boulder. Between Wey- 
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darle and Stonegun, several large Conglomerate boulders. Rev. Mr 
Joass, of Golspie, states that nearest granite and Conglomerate 
rocks in the county are situated in N.W. districts (First Report, 
p. 30). 

Keiss Parish.—Conglomerate boulder 9 x 7 x 5 feet called “‘ Grey 
Stone.” Longest axis W. by N. Differs from any rock in locality. 
It marked, where it stood, boundary between two parishes and two 
estates. It has lately been blasted into four fragments, of which 
three still remain (Eighth Report, p. 8). 

Mr Jamieson of Ellon, having examined Keiss Harbour, sates 
that a bed of “drift,” 40 feet thick is there, the lower half of 
which consists of unstratified sandy mud, containing broken shells 
and stones, some of which are scratched. The scratches and grooves 
point N, 35° to 40° W. 

Scrabster Harbour.—Mr Jamieson reports that here the boulder 
clay is more than 100 feet thick. It is charged with small stones 
more or less rubbed and scratched. He found in it fragments of 
shells, 

_ Wick.—Three boulders, each weighing from 20 to 30 tons. One is 
a Conglomerate, supposed to have come from hills 20 miles to south. 
But Rev. Mr Joass states that Conglomerate rock occurs to west- 
ward at less distance. : 

Wick Bay.—Mr Jamieson found here a similar bed of boulder 
clay, containing fragments of shells and numerous large water-worn 
boulders of sandstone, quartzose, mica slate, and granite, on which 
_ glacial scorings are well marked. One granite boulder was 12 feet 
in length (First Report, p. 30, and Proceedings of London — 
Society, 7th February 1866, p. 265). 

In the same paper, Mr Jamieson states that in Caithness 
generally, the shells, es a rule, in the clay beds and drift, are 
broken. But exceptions occur. He himself found one entire valve 
of Astarte Borealis ; and he saw several entire specimens in local 
collections. 

He adds, that one of the objects he “had particularly in view 
was to note the direction of the glacial markings on the rocks, 
and to ascertain whether they could be accounted for by a move- 
ment of ice proceeding from the interior of the country towards the 
coast. I therefore lost no opportunity of noting the bearings of 
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scratches whenever I saw them.” Mr Jamieson then gives the 
bearings at twenty localities in Caithness, from which he concludes 
that the movement had been from N.W. to S.E.; and he adds, that 
“a movement of ice from N.W. to S.E. across Caithness is totally 
at variance with the notion of the scratches having been caused by 
glacier action proceeding from the interior of the country towards 
the present coast.” In a footnote, Mr Jamieson adds, that “the 
presence of marine organisms (in the Caithness drift), and the 
direction of the glacial strie, which indicate a movement from the 
N.W., where there is now nothing but open sea for an immense 
distance, together with the absence of moraines, are all suggestive 
of marine conditions having prevailed —— the deposition of the 
Caithness drift.” 

In year 1828, the late Sir Roderick Murchison published a paper 
in Proceedings of London Geological Society, in which he men- 
tions that “the highest hills in the Brora district afford, upon their 
sides and summits, distinct traces of a strong diluvial current, which 
has swept them free of covering matter, and deposited in the plain 
of Clyne, Milltown, a mass composed of the debris of the denuded 
hills. A large portion of the turf having been recently removed, 
the surface of the rock was seen to be scored with parallel lines. 
_ The direction of the markings is uniformly from N.N.W. to 8.S.E.” 


DUMBARTONSHIRE, 


Inss.—On west bank of Loch Lomond, about 150 feet above sea, 
in channel of a brook entering Fruin Water, a mica schist boulder 
28x 18x7 feet (246 tons). Longer axis E. and W., with sharp end 
to west. Rocks adjoining—Old Red Sandstone. Nearest mica schist 
hills about 5 miles to N. and W. If boulder came from that direc- 
tion, it must have been carried across hills from 1000 to 2000 feet 
high. If it came from north, down Loch Lomond valley, it must, after 
coming so far, have changed its course and moved at right angles to 
westward to gain its present site (Second Report, p. 153, Fourth 
Report, p. 20). 

On a moor, about half a mile to N.E. of the above boulder, there 
are several smaller boulders of mica schist, all with longer axis in 
similar direction, viz., east and west. 

On west side of Loch Lomond, at Arden, a low ie running 
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up from loch, shows many smal] boulders,—their longer axis and 
sharpest ends pointing N. W. (Fourth Report, p. 21, Sixth Report, p. 6). 
On east bank of Loch Lomond, nearly opposite to Arden, at about 
337 feet above sea, a grey granite boulder 5x4x4 feet, much 
rounded—lying on Old Red Sandstone strata. Longer axis KE. and 
W. ;—it had probably crossed loch, from west (Siath Report, p. 7). 
In Cameron House Policy, gneiss boulder 6} x 5x5 feet, with 
longer axis N.W. and S.E, 
About 3 miles to §.W. of the south end of Loch Lomond there 
is a hill called “‘ Caer-man,” reaching to height of 720 feet above sea. 
Rocks on top are a coarse porphyry. The rocks on western aspects 


are well rounded ;—on eastern aspect, the rocks are rough. There 


are huge frag ments on east side of top, none on west side (Fourth 
p. 21). 


DUMFRIESSHIRE. 


Kirkconnel.—Granite boulder, 7 feet in diameter, 20 to 30 tons, 
700 feet above sea. Differs from adjoining rocks. No granite 
rock nearer than Spango Water (First Report, p. 30). 

Tynron.—Three whinstone boulders, each weighing from 20 to 30 
tons, also several Conglomerate boulders ;—all have apparently come 
from N.W. (First Report, p. 30). 

Wamphray.—Large whinstone boulder (First Report, p. 36). 

Moffat.—Several large perched boulders. near Loch Skene, at 
height of 1900 feet above sea—(Mr Ralph Richardson inferred that 
they were “ transported by a local glacier ”)—( Seventh Report, p. 28). 

(See notes regarding these boulders, by Convener, in the Transac- 


tions of the Edinburgh Geological Society for May 1881.) 


Langholm.—In Wauchope valley, and also in bed of that river, 
granite boulder 16 x 11 x 64 feet, weighing from 50 to 70 tons, lying | 
on Sandstone rocks. Many others scattered about (W. Strachan 
Schoolmaster, Langholm). 

Cairnsmore of Fleet, a hill 2331 feet high, situated in Kirkcud 
brightshire ;—composed of coarse grey granite.— Boulders of 
Cairnsmore granite are scattered over the hills to the S.E. One is 
on the west face of the Nether Hill, at the height of 1100 feet, and 
8 miles distant from its source” (Survey of Dumfriesshire by Scotch 
Government Surveyors in Memoir, No. 9, p. 39). 
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(Extract from the Fourth Report of the Boulder Committee 
of British Association) :—Professor Harkness mentions a boulder of 
Silurian Conglomerate at the village of Bothal, North Cumberland, 
20x 9x5 feet. It is siriated on its western side. It is between 


400 and 500 feet above sea-level, and, in his opinion, was trans- 


ported from Dumfriesshire, having therefore travelled about 40 


miles from N.N.W. 


ELGIN. 


Dallas.—Many small granite boulders here, which are supposed 
to have come from Ross-shire (First Report, p. 31). | 

Dujfus.—Conglomerate boulder 21x14x4 feet, longer axis 
N.W., on Roseisle estate (First Report, p. 31). 

Llanbryde, St Andrews.—Gneiss boulder in bed of Old Spynie 
Loch, 15 x 9 x 7 feet, longer axis N.N.E. 

New Spynie.—Four Conglomerate boulders lying on Old Red 
Sandstone rock (First Report, p. 31). 

Rothes.—Six horneblende boulders lying on gneiss rocks. 


Dyke.—Near Darnaway Castle, in the approach to, several granite | 


and gneiss boulders from 2 to 3 tons. 

A kaim + mile long, running N, and S$. 
152). 

Elgin.— Boulder called “ Carlin’s Stone,” on Bogton Farm, a coarse 
Conglomerate 230 feet above sea, with pebbles of flesh-coloured 
quartzite. About half a mile to N.W. another Conglomerate 
boulder, called “ Young Carlin’s Stone.” 

- Hundreds of smaller boulders of granite, gneiss, &c., embedded 
in clay or sand, which seems to have been pushed or — being 
all well rounded. | | 

Carden Hill has been ground down and striated. Direction of 
strie varies between W. by N. and N.W. Numerous boulders on 
ridge of hill, and on both sides of it. 

At several places on ridge, rocks broken up, and fragments pushed 
over southern slope. | 

At one spot on Carden Hill, the N.W. striw crossed by others 
from N.E. 


Quarrywood Hill, composed of Sandstone rocks, has four or five _ 


large Conglomerate boulders on its N.W. slope. 
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Forres.—Conglomerate boulder on Upper Caliper Farm, about 44 
tons, lies on hill-side facing Cromarty, which bears N.W. by N. 
10 miles across Moray Firth. Another Conglomerate boulder on 
same farm, much buried in drift. These boulders contain reddish 
quartzite pebbles. | 

Forres to Nairn.—Extensive beds of sand and gravel, mostly 
‘stratified. Pebbles and boulders in these beds well-rounded; angular 
boulders chiefly on surface (Second Report, p. 155). 

— Lossiemouth.—On old sea margin, Conglomerate boulders of same 
character as those in other parishes. 

In boulder clay over Limestone rocks, boulders of oolite found, 
which must have come from Ross or Sutherland. 

Portions of an oolite boulder seen by Convener, near Duffus 
Schoolhouse, 125 feet above sea. aaa 
_ Conglomerate boulder, called ‘“‘ Witch-stone,” similar to all the 
others. Longer axis N.W., and sharpest end towards that it quarter. 
Lies on bed of sand. 

On Clarkely Hill, hard iain rock forming a surface sloping 
down to W. striated from N.W. Several boulders of granite and 
gneiss on hill (Second Report, p. 155). 

Mr William Jolly, Inspector of Schools, Inverness, sent to the 
Committee valuable notes regarding the distribution and parentage 
of Morayshire boulders, which are given in Fifth and Siath 
Reports. 
He says—“ There would seem to be two varieties of Coiaienenaie 
boulders distributed through the ‘ Zaigh of Moray.’” One variety 
is a Conglomerate, containing. ‘“‘a dark purplish or liver-coloured 
quartzite, in pieces of considerable size.” Great rocks of it occur 
on both banks of Loch Ness, and especially in the hill situated.on 
the north bank called Mealfourvonie, reaching to a height of 3060 
feet. This rock breaks into cubical-shaped mosses, and probably 
has produced the remarkable boulders in the counties of Nairn, 
Moray, and Banff, known as “ Culloden or Cumberland Stone,” 
** Tom Reoch,” “ Clach-an-Oidhe” or “Stone of the Virgin,” 20 x 15 x 
9 feet, close to Geddes Public School. ‘“ Grey Stone” in Caw- 
dor woods,—“ Clach-na-Calliach,” or “Stone of the Witch,”— 
**. Clach-nan-Gillean or Bog’s-stone,” and various others. 

The other variety of Conglomerate rock, found in boulders in the 
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same counties, ‘‘ consists of more angular components, and is entirely 


without the liver-coloured quartzite or porphyry ;” Mr Jolly says 


that examples of it may be seen embedded in boulder clay at Links- 
field, near Elgin, and on the crest of the hill of Roseisle. 

Mr Jolly adds that the boulders of this last-named variety of 
Conglomerate seem to have been transported at an earlier period 
than those of the liver-coloured variety, being generally embedded 
in boulder clay or drift, whilst the boulders of the liver-coloured 


variety lie more on the surface of the country. It is some cor- 


roboration of this view, that there are two sets of striw on the 
rocks, viz., from 6° S. of West, and 15° N. of West. The Con- 
glomerate boulders from the Loch Ness Hills may have come in the 
_ first-named direction ;—the other set of boulders, across the Moray 
Firth, from Ross-shire (Sixth Report, p. 48). 


FIFESHIRE. 


Balmerino.—Mica schist 12 x 9x8 feet (now — (First 
Report, p. 32), 


Crail.—Granite boulder 10 x 8 x 6 feet, “Blue Stone of Bal- | 


comie,” close to sea, at East Neuk. Also trap boulder 12x8x8 
feet (First Report, p. 32). | 

Dunfermline. —W hinstone boulder 7x15x6 feet “ The Witch 
Stone.” 

Leslie.—Kaim of drift 100 to 300 feet othe 220 feet high, now 
cut through by a rivulet (First Report, p. 32). 

Newburgh.—Boulder of sienitic gneiss weighing 15 tons. Legend 
is, that it was thrown by a giant from Perthshire, viz, from 
North or N.W. 

West Lomond.—Boulders of Red Sandstone and porphyry site 
on Carboniferous Limestone rocks (First Report, p. 32). 

Isle of May.—Small sienitic boulders on west side of island, seen 
by Convener. Rocks on west side, smoothed by an agency 
from W. 4 N. No boulders or smoothings on east side of island 
(Fourth Report, p. 22). | 

Bogward Den.—Three miles west of St Andrews, a Conglomerate 
boulder. The nearest rock of same kind is Drum Carro Craig, 
situated some miles to N.W. (Fourth Report, p. 22). 
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Kincraig.—On beach, a granite boulder with girth of 23 feet 
and height of 4 feet lying on trap tuff. Portions of this trap tuff 
found in blocks 2 miles to eastward. | | 

_Elie.—Whinstone boulder 8 x 4 x 24 feet, with strix on its surface 
bearing N.W. Its longer axis N.W. (Fourth Report, p. 23). 

East Lomond Hill, at height of 1075 feet above sea, a large 
“number of dolerite boulders on west slope, and much rounded 
(Eighth Report, p. 28). 

Auchluisky Hill, one of the Ochils, at 1025 feet above sea, a 
small red granite boulder lying on a slope facing W.N.W. 

On ascending Benty Knowe, directly opposite to ee Hill 
to the west, another red granite boulder found. 

The rocks of the Ochils here are trap, “a rotting clinkstone.” 

Bencleuch, at a height of 2200 feet has on it two boulders, one 
of greywacke,—a peculiar kind, marked by nodules of white 
quartz, which is known by Professor Heddle to occur on the north 
spur of Ben Lomond, at a height of from 2230 to 2240 feet above 
sea. The same rock also occurs about 8 miles to the east of Ben 
Lomond. 

The other boulder. is of gneiss, laminated and convoluted, like 
rocks occurring in the district of Loch Earn and Glen Falloch 
(Eighth Report, p. 29). | 

Ochils.x—In Alva, Silver, and Tillicoultry Glens, there used to a 
many boulders of granite and mica schist; but they have been all 
broken up for building purposes (Highth Report, p. 5). 


FORFAR. 


Airlie. —Remarkable kaim running east from Airlie Castle 2 
miles long (First Report, p. 32). | 

Barry.—Granite, sienitic, and gneiss boulders on shore, and on 
raised beaches 11 and 45 feet above shore (First Report, p. 32). 

Benholm.—Huge granite boulder, now destroyed. It stood on 
apex of a trap knoll. In trap of this knoll are agate pebbles em- 
bedded, flattened on west side. Small hills scalloped by some agent — 
which has passed across from west (First Report, p. 32). 

Carmyllie.—Granite or gneiss boulder lying on a height. 


Differs from rocks in situ,—supposed to have come from hills 30 
miles to north (First Report, p. 33). 
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Cortachy.— Whinstone(?) boulder, 13x 10x8. Longer axis E. 
and W., supposed to have come from trap situated to N. W. 

Mica schist boulder within Earl of Airlie’s park. Parent rock 
supposed to be 2 or 3 miles to N.W. (First Report, p. 33). 

Farnell.—Boulder weighing about 12 tons. Supposed to have 
come 30 miles from N.W. | | 

Inverarity.—Two grey granite boulders from 2 to 5 tons. 

Kirkden.—Kaims of gravel and sand 440 paces long, running 
E. and W. 

Kirriemuir.—Granite boulders, both red and grey. Supposed to 
have come from Aberdeenshire. 

Several kaims of granite pebbles and sand on Airlie estate, 
running N.W. and S.E. (First Report, p. 33). 

Liff—Several boulders of mica schist, called “ Gows of Gowrie.” 
_ A Druidical circle composed of boulders (First Report, p. 34). 

Menmuir.—Two large granite boulders, each about 35 tons, 
besides others of smaller size. 

Montrose.-—On Garnock and other hills, striz on rocks point W. 
by N. obliquely across hill) On Sunnyside Hill, blocks of red shale 
derived from rocks im situ some miles to N.W. (First Boulder 
Report, p. 34). 


Rescobie.—Mica slate boulder 13 x7 x 7, near top of Pitscandly — 


Hill, lying on drift. Rocks in situ are Old Red Sandstone. Late 
Sir Charles Lyall was of opinion it came from Creigh Hill, about 
17 miles W.N.W. Valley of Strathmore lies between boulder and 
parent rock. There are also several hills higher than boulder be- 
tween it and parent rock (first Boulder Report, p. 34). | 

St Vigeans.—Gueiss boulder now destroyed. Supposed to have 
come from mountains situated to N.W. If so, it must have crossed 
several ridges of hills and valleys. Kaim in the parish full of gneiss 
and granite boulders. 


HADDINGTONSHIRE. 


Prestonpans.——A large basaltic boulder on the beach, known to 
the fishermen by the popular name of “ Johnny Moat,” in memory 
_ of a corpulent member of their class, who had formerly lived 
in the village. There being no basaltic rocks towards the east, the 
boulder must have come from the west (first Report, p. 18). 
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Linton.—(1) On Drylaw Farm, a limestone boulder 54 x 34 x 3 
feet, met with in cutting a deep trench through boulder clay. The 
longer axis N.N.W. The N.W. end more pointed than east end, 
also well rounded and polished by friction. Boulder tolerably flat on 
upper side, but no strie visible. On each of the two sides, meeting 
at N.W. end, boulder not only smoothed but striated—chiefly along 
side facing N.N. W. 

The nearest rocks of same composition as edie, are in Garlton 
Hill, about 6 miles distant, and bearing W. by N. (by compass). 

If agent which smoothed and striated the sides of the boulder 
came, as is probable, from the westward, it seems, when it reached 
the boulder at A C (its west end), to have divided into two streams,— 
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Drylaw Boulder. 


one, A B, flowing along north side E.N.E., the?other, C D, along the 
south side S.S.E, 

The clay in which the Sadies was buried, contained blocks and 
pebbles, some of them, soft (such as shale, coal, &c., from the west), 
and others, hard (rock or greenstone, granite, &c.), quite capable of 
smoothing and striating the boulder, if driven and squeezed against 
it by some agent of sufficient weight and magnitude. 

(2) In the villaga:of Linton, several portions of porphyritic 
rock recently exposed, which are smoothed and striated. On 


one portion of rock, the surface of ‘which is horizontal, the direction 
of strize is W.N.W. and E.S.E. 
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On another portion, the surface of which slopes down towards 


north at an angle of about 35°, the direction of the strie is due 


E. and W. | 
Each set of strie might be produced by the same agent. If its 


normal direction was W.N.W., it would, on striking the rock 


which slopes down north, be deflected into an E. and W. 
direction. 


(3) A still more remarkable case of the same kind occurs in 


a cutting of the North British Railway, about half a mile to 


the west of Linton station. The rock is on the south side of the 


line. The smoothed surface is about 18 feet high and 25 feet in 
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EAST <—— WEST 

Striated Rock in Railway Cutting near Linton Station. — we : 

length. The surface there slopes down northwards at an angle 
of from N. 11° W. to N.- 20° W. The strie run across the 
rocky surface in a direction E. 15° N.—the deflection from the 
normal direction of the striating agent being greater here than at 
Linton village, on account of the larger area of the opposing surface. 
It may be added that, whilst in the lower part of the rocky. sur- 
face, the stris are horizontal, near the top of the rock they rise up 
towards the east at an angle of 4° or 5°. If the striating agent 
consisted of a mass of drift, the pebbles and blocks in the lower 
part would move horizontally, and produce horizontal: But 
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in the upper part of the mass, blocks and pebbles would not have 
the same weight above them to keep them down, and, in consequence 
of severe lateral pressure, they would have a tendency to rise. 
North Berwick Law.—(1) An account was given by Mr David 
Stevenson, C.E., regarding striations on the rock of this hill. In his 
paper read to Edinburgh Royal Society, Ist February 1875 (vol. 
viii. p. 481), he states that the west side of the Law consists of 
exposed rock, the east side being covered by gravel, clay, and stones. 
On a steeply inclined part of the hill, there is a surface of the 
rock, consisting of felspar porphyry, on which he found smoothings 
forming a sheet of about 200 feet in length, with occasional deep 
strie or scorings on it. He says—“ The grooving of the surface 
is very distinctly marked, and must have been done by the passage 
of some dense but yielding body, which could be moulded to the 
different irregularities, both vertical and horizontal, on the surface 
of the hill. The striz must have been made by the passage of 
sharp-pointed bodies, harder than the felspar porphyry of the Law.” 
“ As viewed from a little distance, the scorings appear to be 
nearly parallel and horizontal; but on examining such as can 
be reached, I found, on using the clinometer, that this is by no 


means the case. On one patch of rock I found two strie within 


18 inches of each other, the upper of which had a dip of 4°, and the 
lower a dip of 20°, and both markings were dipping towards the 
west; being the directions from whence the movement came, as 
indicated by the ‘ tail’ on the eastern side of the Law. This rise in 
the direction of motion may have been caused by local pressure, 


due to the obstruction offered to the passage of the mass by the 


Law.” 

Mr Stevenson adds, that “‘ the rock surface discovered by him had 
been entirely concealed by debris, till it was removed, to allow 
of the rock being quarried. A similar mass of debris extends 
along the whole northern and southern faces of the hill, and, if 
removed, I have no doubt similar markings would be found along 
both sides.” | 

(2) The Convener of the Committee, thinking that North Berwick 
Law deserved a farther examination, proceeded to it, and gave the 


results of his examination in a paper read before the Royal Society 
of Edinburgh on 7th July 1879 (vol. x. p. 261). 
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He found that the rock surface described by Mr Stevenson is 
situated on the N.W. side of the Law, and that the smoothed part 
slopes down towards the N. and N.W., at an angle of from 65° to 
70°. 

Parts of the smoothed surface face N.W., other parts face due 
north, and some N. by E.; but wherever the rock faced a. more 
easterly direction, there was no smoothing. | 

The only parts of the smoothed rock surface striated were those 
fronting N.W. by N., or a few degrees on either side of that point. 

Their direction is W. by 8., or W.S.W.; and most of them are 
apparently horizontal. 

Some of the ruts and stris, especially at their west ends, are 


deeply incised in the rock, showing the extreme and: continuous ~ 


pressure which predominated there. 
The particular direction in which the striating agent moved, may 
be inferred, by considering, that if it came in a direction parallel 


North Berwick Law. 


with the rock surface, it might grind or smooth, but would hardly 
produce ruts or strize; nor would it have this effect, if it came 
against the rock surface at right angles. A line parallel with the 
rock surface, would be S.W., and a line at right angles would be 
about N.N.W. The intermediate point would be W.N.W. ;—from 


which direction therefore, (the Convener inferred) the striating - 


agent moved on and against North Berwick Law. 
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In the Convener’s paper a diagram was given, as shown by the 
foregoing woodcut, of a well-marked portion of the rock, where it 
slopes down towards N. 10° W. The striations are very distinct, 
running horizontally, towards E. 22° N. But where the rock surface 
slopes down N. 23° E., which it does towards the east, there are no 
striz, and the rock is only smoothed. | 
(3) On the farm of Kingston, 2 miles south of North Berwick, the 
Convener found a small houlder of red granite. 

(4) A very large boulder of basalt stands on the beach, near 
Tantallan Castle, which could have come only from the westward. 


HEBRIDES. 


1. Islay.—(1) Near Port Askaig, on Lossit Farm, four or five 
boulders of large size. One of these 13x 8x8 feet, a composite 
rock, extremely hard, containing crystals of quartz, augite, and 
hornblende ; boulder resting on bed of bright yellow clay; rocks of 
district a slaty schist. Height above sea 300 feet. | 

(2) On Arnahoo Farm, 3 miles N. of Port Askaig and 228 feet 
above sea, porphyry boulder stands on summit of hill in a precarious 
position (pl. iii. fig. 8,in Fourth Report, p. 17) (Lithograph No. 14, 
Plate VIIL). | 

This boulder must have come from a direction N. by E, as 
explained in Report. Mull isin that direction. Boulder is of hard 
‘porphyry, quite different from rock of hill. 

(3) On Persibus Farm, about 3 miles S.W of Port Askaig, 
four or five boulders, well rounded ; all, a hard porphyritic rock, 
differing from any Islay rock. Their height above sea 228 feet. 

Towards N. by E. an opening among hills, through which these 
boulders might have been carried on floating ice. 

(4) On a hill, 2 miles north of Persibus, a boulder 18x 12x 1 
feet, differing from adjoining rocks. Height above sea 410 feet. 
An igneous rock. | 

(5) On south of turnpike road, between Bridgend and Port 
Helen, a large boulder lying at north base of a hill, which 
probably intercepted it in its progress towards the south. 

(5) On west coast, in Kilchrenan parish below old parish church, 
several boulders, which apparently came from N.W 
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2. Colonsay.—Notes sent to Committee hy Mr Murray of 167 
West George Street, Glasgow, and Mr Donald M‘Neill, farmer in 
Colonsay, long resident in the island. The following points are 
taken from these notes :— 

(1) By Mr Murray.--Shores on west side of island thickly strewn © 
with boulders, many resembling yellow Mull granite. 

A large boulder on west shore, called “ Fingal’s Putting Stone.” 

At Kiloran, on N.W. part of island, there are many boulders. 

On several ridges sloping down towards west boulders occur, 
some above a ton in weight (Seventh Report, p. 21). 

On west coast there are some granite blocks of a yellowish-red 
- colour, different from any rocks seen in Colonsay. 

In Oronsay Island there are blocks of syenite, which probably 
may have come from Kiloran Bay in Colonsay, distant 9 miles 
N.N.W., also grey granite which may have come from Colonsay. © 

There are fragmer-ts of red granite with large crystals;—but no 
rocks of that variety, known in Oronsay or Colonsay. 

On east side of Oronsay, boulder of coarse-grained granite, pinky in 
colour, which is supposed to have come from east coast of Colonsay, 
There are boulders of quartzite, and nodules of chocolate red sand- 
stone—but which cannot be referred to any rocks on either 
Colonsay or Oronsay (Ninth Report, p. 17). 

3. Mull.—On road to Torloisk from Tobermory, Professor Duns 
found numerous granite boulders—for most part the reddish 
variety—others are grey. The largest boulder seen was gneiss, A 
small quartzite boulder was also seen. All of them are rounded and 
smooth. Four boulders lie en trainée, the line being N. and S. 

In approaching west coast of North Mull, boulders decrease in 
number. The contrast is most striking, as the boulders are very 
numerous towards east coast. ‘Has ice, moving from the N.W., 
begun to drop its entangled boulders near the west coast, and the 
rate of deposit increased as it passed over the tract between Runa- 
Gal and Mishnish and the S.E. of Glen Frisa? Be this as it may, 
_ there is no doubt as to the numerical increase of the boulders in 
this direction. They are all much rounded.” 

Ascended Spyon More, 2435 feet above sea-level. Found a good 
many boulders scattered over the hill—all, so far as could be 
ascertained, granites—no granite rock occurring in situ in this part 
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from Iona. But the Duke of Argyll is quoted as thinking that the 


to 300 feet above sea. One of these seen by Convener, standing 


and E.N.E. 
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of Mull. ‘One of the boulders lies on the very top of Spyon More, 
Another is met with half-way down the hill. The rocks at the 
summit, are well glaciated ; and a great heap of moraine-like debris 
rests on it” (Ninth Report, p. 27)... | 

4. Iona.—On east coast of island a granite boulder 24x 18x6 
feet, weighing about 190 tons. Longer axis N.W. There are 
many boulders on E.S.E. side of island, opposite to Ross of Mull, 
which have led some persons to suggest that these may have been 
transported across the narrow arm of the sea which divides Mull 


Iona granite boulders are a different variety (First Report, p. 27). 
In Ross of Muil two varieties of granite ver and grey) extensively 
quarried (Second Report, p. 157). 
About half a mile north of the large boulder above specified, there 
is another large red granite boulder about 12 feet square. ast end 
rests on clay slate rocks of Iona. There is a groove (which was 
seen by Convener) on under surface of boulder, running N.E.,. 
indicating that it had been pushed in or from that direction (Second 
Report, p. 157). : 
To N.E. of Cathedral, along the shore, hundreds of granite 
boulders (chiefly the red variety) ;—several exceeding 20 tons. 
The rocks of Iona are chiefly clay slate. Convener saw no other, 
and he was told there are no granite rocks. 
At the south end of the island, many granite boulders (mostly 
red, but some also of grey variety) lying on high ground from 200 


upon end, leaning against a rock on its 8.W. side, as if it had come 
from a N.E. direction (Lithograph No. 15, Plate VIILI.). 
Most of the boulders in south end of Iona lie with longer axis 


Convener heard of a large boulder on west side of island in two 
fragments, which to his informant had suggested the idea of the 
boulder having been broken by falling from a height (Second Report, 


The highest hill on island is called “ Dun I.” On the N.N. W. 
side of this hill there is a plateau at height of 230 feet above sea. 
On the plateau, where it joins the hill, there is a large red granite 
boulder, weighing about 400 tons, cubical in shape, and very 
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angular, 22 x 16 x 16 feet, its base resting on the plateau, and its 
top leaning against side of hill (Lithograph No. 16, Plate IX.). 

On ascending to summit of hill (which reaches to height of 400 
- feet above sea) Convener found several boulders of red granite. 


Mr Allan M‘Donald (schoolmaster) doubts the theory that the 


red granite boulders on “ Dun I” Hill came from the Ross of Mull ; 
—first, because the rocks at Ross of Mull do not reach to so high a 
level as 400 feet ; second, because, as regards the 400 ton boulder, 
“Dun I” Hill is situated between it and the Ross of Mull, so that 
transportation from Ross is hardly conceivable. Ross of Mull bears 
from boulder S.S.E. 

The smooth faces of the rocks in Iona, front N. by E., the rough 
faces front south (Second Report, p. 156). 

In a subsequent year (1878) the Convener again visited Tona, and 
went to look at the large boulder on “ Dun I.” He then observed 
that the boulder was composed of cvarse-grained red granite—more 
coarse than the boulders on east side of island previously referred 
te The prevailing rocks of Iona are a fine-grained gneiss, approacb- 
ing in many places to clay slate. 

The boulder on “Dun I” Hill seemed to indicate that it had been 
brought by some agent from a north-westerly point, which agent had 
stranded on the hill, and stuck there, till boulder dropped from it. 


_ Captain Stewart of Coll was with Convener when latter examined © 


the boulder. On examining the portions broken off, as also another 
small boulder lying below, exactly similar in composition, Captain 
Stewart at once exclaimed—“ This is Coll granite.” 

In reference to this suggestion, it is to some extent confirmed by 
the fact, that the island of Coll bears about N.N.W. from Iona, and 
is distant about 20 miles. But the Convener, having visited Coll a 
few days afterwards, did not fall in with any granite rocks there. 


They were all gneiss, with only occasional veins of granite. But he 


did find granite boulders in Coll, somewhat similar in composition 
to the large boulder on “Dun I” (Fifth Report, p. 4). 

A well rounded boulder of Conglomerate was found by Convener 
on east coastof Iona. Heard that similar blocks occur on west shore 
in St Columba’s Bay. There are no Conglomerate rocks in Iona. 
The nearest spot is said to be Inch Kenneth Island (on west of Mull), 
where, according to Macculloch, it forms cliffs about 100 feet high 
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(Western Islands, vol. i. p. 515). Inch Kenneth is about 10 miles 
N.E. from Iona (Second Report, p. 155). 

_ 5. Staffa was visited by Convener. He found on it, at his first visit, 
_ several small boulders of red granite. There are no rocks of granite 
on theisland. It consists entirely of blue trap (Second Report, p. 157). 

In a small bay on east side of island, the Convener (on his 
second visit) found several small boulders of red granite, gneiss, 
quartzite, and limestone, none of which occur in Staffa as rocks. | 

About 20 yards from this bay, Convener found an old sea-beach 
36 feet above high water mark, from the gradual breaking up of 
which the foregoing boulders are probably derived. 

Quotation given from Dr Macculloch to show how perplexed he 
was to account for the occurrence on Staffa of “transported stones,” 
which, he assumes, must have been carried by natural agency from 
some of the neighbouring islands (fifth Report, p. 11). 

6. Tiree.—(1) Haynish Hill, in S.W. end of island, reaches to 600 
feet above sea. It consists of gneiss, in some parts passing 
into granite. | | 

The hill on its west side coincides with sea-cliffs, and has on it 
a number of rocky knolls. Almost every knoll has onits N.W. side 
(i.e, facing the Atlantic) boulders more or less rounded. The 
ietivwion are particulars of some :— 

Boulder 11 x 8 x 5 feet resting on side of knoll facing W. N.W. 

Boulder 9 x 4 x 5 feet resting on side of knoll facing W. by N. at 
height of 360 feet above sea, which is a quarter of a mile distant, 
with access from the sea between S. and N.N.W. — This 
boulder is a coarse granite,—-the knoll is gneiss. 

Boulder 8 x 7 x 5 feet resting on side of knoll facing N.W. ~ N. 
at height of 365 feet above sea. Sea half a mile distant, and 
access from it open at any point between S.W. and due north. 

Two clusters of large boulders met with, the uppermost on the 
cluster so posed as to show it must have come from westward. The 
sea is within half a mile to westward. 

On this Haynish Hill boulders more numerous on sides or 
slopes facing W. and N.W. than on any other. On slopes facing 
E. and S.E. there are also boulders, but fewer in number. 

(2) Passing due north, along Big Cornish Road, Convener found 
on east side of road several rocky knolls, tops of which are from 80 to 
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110 feet above sea. Most of these knolls present bare rock on west 
sides, and have boulders on those sides. On one of the knollsa 
boulder 10 x 6 x 6 feet, very near its top—a light coloured gneiss. 
Rock of knoll also gneiss, but dark coloured. 

Another rocky knoll, about a mile to N.E. of last, has on it a 
number of large boulders called “‘ The Giant's Pebbles,” in reference 
to a legend that they were thrown by giants from Barra, an 
island N.W. of Tiree, and distant about 40 miles. There are here 
from twenty to thirty boulders of all sizes, almost all on the knoll, 
and none on the adjoining flat land. Suggestion offered, that knoll 
had intercepted the raft which carried the boulders. 

(3) Ben Gott Hill forms a rocky ridge running N. and S. about 
120 to 130 feet above sea. A very large number of boulders chiefly 
on its N.W. flanks. Some are on S.E. flanks, possibly pushed over 
ridge. On flat ground S.E. of ridge, boulders are few in number. 

(4) Great beds of sand and shingle in different parts of island, 
showing that sea had prevailed over it at a comparatively recent 
period, to a height exceeding 40 feet above present sea-level. 

7. Coll.—Visited Bein Hoch; hill on west side of island, reaching 
to 290 feet above sea, There are two boulders at top :—one near the 
summit which slopes down towards N.W., the other on a flat 
which forms summit of hill (Lithograph No. 17, Plate IX.). 

Near foot of hill, on its N.W. side, there is a rocky plateau 
abutting against it, at a height of 80 feet above sea. On this low 
hill there is a large boulder 16 x 20 x 13 feet (308 tons). 

All these boulders are a coarse granite, passing sometimes into 
dark coloured gneiss. Rock of hill is gneiss. 

The sea (viz., Atlantic) is towards west and north, distant about 
half a mile. 

There can hardly be no doubt, that these boulders were brought 
here across the sea. 

(2) At Grassipol an immense accumulation of boulders in a 
meadow, which has a range of vertical rocks on its S.E. side (Litho- 
graph No. 18, Plate IX.). Thesé boulders seem to have been inter- 
cepted in their farther progress by the rocks on S.E.. Sea is about 
three-quarters.of a mile distant to N.W. One of the boulders i is 30 
feet high. 

On west side of this want a rocky knoll covered by boulders, 
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about 18 or 20 in number—the uppermost resting on the others in 
such a way as to show it had come from N.W. (Lithograph No. 19, 
Plate IX.). 

Near this knoll, a vein of quartz, smoothed on its edges in such 
a way as to show smoothing from N.W. 

(3) On east side of island, near Arinagour, the boulders few in 
number and small. Towards the N.W. part of island, when 
Arniboat schoolhouse is passed, boulders increase in number and size. 
_ (4) At S.W. end of island, there are many large granite boulders 
near Coll House. Convener measured one and found it 35x 15x& 
feet (312 tons). It was on its S.E. end, leaning on or pressing against — 
a gneiss rock. The granite boulder is of a coarse variety, the 
fragments composing it being of large size. This was probably the 
boulder which Captain Stewart was thinking of, when he com- 


_ pared the large Iona boulder to Coll granite. 


(5) Macculloch, in his account of the Geology of Coll, refers to a 
“block of augite” which he found at a great distance from the | 
shore, and which he thought must “‘ be a ¢ransported block,” ashe had — 
seen no rock of that kind in the island. He says that it probably 
came from Rum Island, where that rock abounds. Rum is situated 
N. by E. from Coll, and distant about 20 miles. 

Convener omitted to inquire for this augite block. 

8. Higg.—Mr M‘Pherson, proprietor of the island, drew out for 
the Committee some valuable notes. | | 

One large boulder rests on the Scoor ridge,—a remarkable ridge 
of pitchstone porphyry which runs for about 2 miles across the 
island in an east and west direction. It reaches, at its east end, to 
a height of 1300* feet above the sea—at its west end, to a height 
of 900 to 990 feet. It rises from a plateau which is about 400 feet 
above sea. | | | 

Both north and south sides of the Scoor are precipitous, almost 
vertical, showing a cliff on the north side of 270 feet, on the south 
side of 400 feet. 

The boulder on this ridge is near its western extremity, and on 
a part of the ridge which is lower than any other part, viz., 890 feet 
above sea. It is close to top of ridge, and on the slope facing the north. 


This boulder is said to be of granite or gneiss—a rock not 
existing in the island. 
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Many other boulders of the same kind are strewed over the island. 

On N.E. part of island there is a granite boulder of a larger size 
than any other, and is of a darker colour. It is on the side of a 
hill sloping down towards S8.W., at about 300 feet above sea. Hill 
itself is about 900 feet above sea. Mr M‘Pherson says that he has 
seen on the shores of Loch Alsh, to the east of Skye, rocks 
resembling this boulder. | 

Chips of these Eigg boulders were procured. They were sub- 
mitted to Professor Geikie. Among the chips he detected one 
which appeared to him to have come from the Torridon group of 


Old Red Sandstone, viz., the coast of the mainland to the north- 
east of Skye. | 


Professor Geikie, in his account of the Geology of Eigg, adverts to’ 


the finding of “‘ pieces of Red Sandstone of Cambrian derivation,” 
which (he says) make it clear that the higher grounds from which 
they were borne could not have lain to the 8. or E. but to the N.W. 
or N.” (Lond. Geol. Soc. Proc., vol. xxvii. p. 309) (Ninth Report, 
p. 22). 

9. Canna.—Convener told by an experienced contractor for build- 
ing that he had found on the islet of Sanda (forming the south 
side of Canna harbour) blocks of a red sandstone, which he made 


use of for the lintels and corners of a new schoolhouse. The - 
largest was 6 x 4 x 2 feet. These sandstones differ from the rock of © 


the island, which is a blue slaty schist, ill-adapted for building. He 
knew that these sandstone rocks abound in Rum Island, as he 
had quarried them there. _ | 

Macculloch noticed these red sandstone blocks on Canna, which he 
says differ from Canna rocks ; and he states that similar sandstone 
rocks occur in Rum and Skye ( Western Highlands, vol. i. p. 467). 

10. Barra.—A very large boulder of coarse gneiss approaching to 
granite exists here near the base of Ben Erival, on its side sloping 
down to north. The hill reaches to about 600 feet above sea-level. 
Height of boulder 28 or 26 feet, its extreme length 37 to 38 feet, 
and its width about 18 feet; assuming 2 tons for one cubic yard, 
its approximate weight would be 890 tons (Fifth Report, p. 12) 
(Lithograph No. 20, Plate IX.). 

Convener prevailed on tenant of the hill to dig under the boulder 
to discover the nature of the materials forming its site. An account 
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is given on p. 67 of the Report, from which it appears that the 
materials were gravel and earth, with sea shells. The boulder was 
evidently not lying on rock. 

The supposition of the Convener was, that when brought to its 
present site it fell on what was then sea-bottom. The site of the 


‘boulder is now 230 feet above sea. 


A plan is given in the Report, to assist consideration of the 
question, from what direction the boulder probably came to its 
present site ;—the result of the Convener’s consideration being that 
it must have come either from the N.W. or the N.E., there being 
open sea only in these two directions. 

About 100 yards to the west of the “ Big Boulder” there 
is a rocky isolated knoll, about 255 feet above the sea, 
clustered with boulders. These are lying partly on rock, partly on 
shelly gravel, and chiefly on the N.W. side of the knoll. On a 
study of the positions of the boulders on this knoll, it appeared to 


_ Convener that the uppermost boulders to get into their positions must 


have come from N.W. point. . 

About 200 yards N.E. of ‘‘ Big. Boulder” there is a bowlde 
lying on a smoothed rock surface, which dips due north on an angle 
of 20°. This boulderis 5x 4x2 feet. It could not have obtained 
and acnenen its a unless by having been brought from the 
north. 3 
About 300 yards to S.E. of “ Big Boulder” there is a boulder 
8 x6x3 feet, at height of 228 feet above sea. The boulder at its 
east end presses closely on rock which has prevented it moving 
further in an easterly direction (Lithograph No. 21, Plate IX.). 

On N.W. of Ben Hrival, where its sides slope down steeply to the ~ 
sea, there are numerous boulders, many of which press against the 
rocks of the hill in such a manner as to show that they must have 
come there from some point between west and north. They are at 
various heights from 400 to 500 feet above sea, which ts here the 
Atlantic. | | 

Ben More is a hill on Eoligarry Farm. Its west end forms a 
steepish sea-cliff rising to a height of 330 feet above sea. Half- 
way up this sea-cliff there is a boulder, 20 x 10 x 5 feet, resting on 
the rocky surface, which here dips W.S.W. But the rock, judging — 
by the marks on it, has been smoothed by something passing over it 
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from N.W., and the boulder is blocked at its S.E. end by a rocky 
portion of the hill (as shown by Lithograph No. 22, Plate IX.). 

At Castle Bay (at south end of Barra) the hills are covered with 
boulders, but more on their N.W. slopes than on any other. 

Mr Campbell (Paper on “ Glacial Phenomena of Hebrides”) states 
that he took rubbings of striz at Castle Bay, which showed that 
striating agent had moved from N. by W. (magnetic). 

He mentions that on the small island of Bernera, about 12 miles 
south of Barra, he got strie at a height of 720 feet above sea, cross- 
ing the strike of the rocks from N.N.W. on 

On hill called Scurrival, whose west side rises abruptly from sea 
to height of 240 feet, the hard gneiss rocks show proofs of a grinding 
action on them from N.W. The strata are horizontal, and form 
blocks with their longer axis lying about N. and S. The west sides 
of these blocks facing sea present frequent smoothings, especially at 
their north ends, whilst the south ends remain rough, showing action 
on the blocks from N.W. 

On this hill the boulders are numerous, and many of them are 
- blocked at their S.E. ends. They are from 200 to 300 yards from 
the sea, and about 100 or 150 feet above sea-level. The situations 
and positions of these boulders combine to show that they must 
have come here from a north-westerly direction. _ 

On the summit of the hill, which consists of well rounded and 
smoothed surfaces of gneiss, numerous boulders lie scattered, most 
of them on that part of the top which faces W.N. W. 


11. South Uist.—Near south end, there is Carshavaule Hill, on west 


side of which is Loch Dunkellie. On east bank of loch, a gneiss 
rock well striated,—the strie running N.W. by N. At a little 


distance to S.E., on south of Carshavaule Hill, a valley through — 


which current might have passed, after striating the rock. 

Loch Botsdale-—On east coast. Kennet Hill, situated on north 
side of loch, presents numerous examples on its west flanks of 
smoothed surfaces and of large boulders, many of them abut- 
ting on rocks at their east ends (see Diagrams in Fifth Report, 
p. 17). One. of these boulders is 19x13x8 feet, 146 tons 
(Lithograph No. 23, Plate IX.). 

At junction of roads from Barra and Loch Boisdale, where Roman 
Catholic and Free Churches are situated, there is a cluster of 
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boulders. One 16x6x5 feet, leaning on the others, must have 
come from N.W. to attain its position. 

On hill to east of Askernish, and on Mingary Hill, there are 
many large boulders, chiefly on west flanks, as also striated rocks, 
well deserving of study (Lithograph No. 24, Plate IX.). 

About 3 miles to north of Askernish there is a block of granite 
perched on the pointed summit of a rocky hill. The boulder is 
14x12x8 feet (about 100 tons) (Lithograph No. 25, Plate IX.). 
There is no way in which it could have attained its position except 
by floating ice. 

: At Jocdar, 14 miles south of ferry between Uist and Benbecula, 
there are smoothed rocks “ literally covered by parallel strie, ruts, 
and grooves,” the direction of which is N.W. by W. The smoothed 
surface of the rocks here slopes down to westward, at an angle of 
about 10° or 12°. Some of the ruts are 4 or 5 feet long. One at 
its N.W. end measures 8 inches across and 2 inches in depth; 
another 12 inches across and 14 inch deep. Towards the 8.E. they 


lessen in width and depth. There can be no doubt that the | 


striating agent here came from N.W. The height of this place is 
about 25 feet above the sea—the Atlantic—and } of a mile distant. 
There is a similar good example of striated rocks about half a mile 
tothe west of the abovementioned ferry (Lithograph No. 26, Plate X.). 
On road between Grogary (mansion-house of Lady Gordon 
Cathcart) and Loch Skiport (on east coast) there are many striking 
examples of striated rocks and boulders. | 
Loch Eport is a remarkably narrow area of the sea on the east 
coast, which runs more than half-way across North Uist. From 
deck of steamboat Convener saw, on both sides of Loch, many 
boulders, resting chiefly on rocky knolls, and many rocks with faces 
smoothed on west sides. | 
North Uist.—Loch Maddy, a ee on east coast. An hour's 
walk for about a mile from the shore, showed Convener that rocks 
here have their smoothest sides facing N.W. (Fifth Report, p. 22). 
Professor Heddle, in a subsequent year, visited Loch Maddy, and 
reported that rocks there generally showed smoothings by some 
agent passing over them from the westward. 
He refers also to two islets of trap rock called Maddy More and 
Maddy Beg, which are (as he says) “ porpoise-nosed to the west, and 
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cliffs to the east,” as indicating probably the direction of the agent 
which flowed over them. 

Professor Heddle on this occasion, at Loch Maddy, met a 
gentleman, a member of the Glasgow Geological Society, who had 
just returned from Newton on the coast of North Uist. He 
described to the Professor a boulder he had seen there, 13 x 5 x 4 
feet, and another 9x 5x5 feet. The former lay with its longer 

axis N.N.W. He stated also that the rocks on the west shore were 
- generally glaciated, and from points between N.W. and S.W. — 
Report, p. 34). 

On Canneum, a rocky islet north of Loch Maddy, there are 
two boulders of Laurentian gneiss, weighing, the one about 15, the 
other about 50, tons. From the corresponding slopes of the two 
ends which face each other, it has been inferred that they were 
originally one boulder, though now about 100 feet apart from one 
another, and with a projecting rocky knoll between them. The 
reporter, Alex. Carmichael, suggested that the boulder may have 


fallen from a height on this rock, and been broken into two frag-. 


ments (First Report, p. 35). 

Harris.—(1) At Rodil (south end of Harris), rocks on Stron- 
davelhill smooth on west faces, rough on east faces. 

(2) At Borve, on west coast, a remarkable assemblage of boulders 
on hill about 800 feet high, sloping down to W. by N., close to shore 
of the Atlantic (Lithograph No. 27, Plate IX.). The boulders lie on 
and against benches of gneiss rocks, these rocks also being smoothed 
and ground down from westward. These boulders lie in such a 
way as to show they have come from westward (Fifth Report, p. 23). 

(3) Similar appearances in Loch Castle Bay and Valley. 

(4) About 14 mile south of Tarbert, several large boulders, which 
probably reached their positions by coming through depressions 
existing in the range of hills to N.W. 

(5) On hills north of Tarbert, up to height of 800 feet above sea- 
level, Convener saw many evidences of a N.W. current loaded with 
ice, which has brought boulders and smoothed the rocks (fijth 
Report, p. 26, plate viii. fig. 28). 

_ Professor Heddle separately visited Tarbert, and iii certain 
hornblendic boulders, which he traced to a rock identical in 
character a few hundred yards to westward (Sixth Report, p. 35). 
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(6) At Fincastle, on shore west of Loch Tarbert, Convener found 
boulder so situated as to indicate transport from N.W. 

(7) Scalpa Island.—Three granite boulders found by Professor 
Heddle (Lithograph No. 28, Plate IX.), one of them “ butted up” 


against a knoll of gneiss rock (see plate xviii. fig. 6,in Sixth Report, 


and p. 35). 

On faces of hill on Harris shore, opposite Scalpa, a great bed of 
granite, from which Scalpa boulders probably came. 

(8) Shiant Islands.—-On western shores ‘Professor Heddle found 
several blocks of rocks foreign to the islands, and occurring in situ 
in the Long Island to the west. Some Conglomerate boulders he 
considered had come from Stornoway, 30 miles to north, the nearest 

place for Conglomerate rocks (Siath Report, p. 36). — 


Boulders of trap on eastern shores of the islands supposed to have | 


been pushed from rocks on west side of the islands (Transactions of 
Norfolk and Norwich Naturalists’ Society, vol. iii, 27th Jan. 1880). 

12. Lewis.—Professor Heddle examined the district between 
Tarbert in Harris and Stornoway on foot, a distance of 28 miles. He 
was struck with the general flatness of the district, especially in its 


northern part, considering that the rocks there come generally to the | 


surface, and are onedge. They suggested the idea of some great abrad- 


ing agent which had passed over the district (Zighth Report, p. 29). 


(1) Near Ardvourlie, on Loch Seaforth, a t¢rainée of boulders, 
forming a line E. by N. and W. by S., apparently traceable to gap 
in chain of hills to 8. W. 

Clusters of boulders seen there, so piled on one another as to show 
that the topmost had come from westward. 

(2) At and near Soval, 12 miles south of Stornoway, rocks forming 
cliffs, smooth on sides facing west, rough on sides facing east. 

On one of these cliffs facing the west there is a boulder on edge 
of rocky cliff, which there forms a surface sloping down towards 
W.N.W. at an angle of from 20° to 30°. Longer axis of boulder 
W.N.W. Seemed to Convener clearly to have come from west- 
ward (Sketch in Fifth Report, plate viii. fig. 29). 

(3) Lochs Ourn and Shiel, on east coast. Boulders seen by Con- 
vener on hills adjoining, positions of which all indicated transport 
from west. 


(4) Uig, on west coast. Rocks near road at two spots, smoothed 
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and striated from W.N.W. Ruts deeper at west ends than at east 
ends (Fifth Report, p. 28). 

(5) Miavig, an arm of sea branching-up from Loch Roag on west 
coast. On top of a hill called Dramainan Voltas, 270 feet above 
sea, there is an immense assemblage of boulders, chiefly on north 
and west slopes (Lithograph No. 29, Plate X.) (Fifth Report, p. 29). 

(6) Garry-na-hine to Carlowrie. Rocks along and near road, show 
smooth faces towards west. At low levels they vary in their aspects, 
as W.;—W. by 8.;—and even W.S.W. But at higher levels, viz., 
above 300 feet, the smoothed faces are pretty uniformly towards 
W.N.W. (Fifth Report, p. 30). 

The explanation of this seemed to be that the rocks at high levels 
were exposed to a normal current from N.W., whilst rocks at low 
levels were exposed to diverging and eddying currents. 

Convener examined particularly striated rocks described by Dr 


James Geikie (Lond. Geol. Journal for 1873, p. 537), who expressed 


an opinion that the striz had been formed by a glacier which moved 
across the slope of the rocks from the 8.E. The Convener, after 
twice examining these rocks, was of opinion that the striz had been 
formed by some agent passing from the N.W., inasmuch as indi- 
vidual stris were most deeply cut at their N.W. ends (sec 
sketches in Fifth Report, p. 30, and plate viii. fig. 32). 

Boulders seen leaning against rocks on their east sides, as if 
thereby stopped in their progress eastwards. 

(7) Beinn-a-Bhune, a hill about 400 feet above sea, mentioned 
by Dr Geikie. Rocks seen by Convener smoothed, and boulders so 


_ situated as to show probable movement from W.N.W. 


(8) Barvas Hills, 800 to 900 feet high, 5 miles north of Storno- 
way, examined by Convener, who found on them smoothed rock, 
and boulders indicating movement from N. and N.W. 

(9) In district between Barvas Hills and sea-coast to north there 
are long lines of escars, composed chiefly of coarse gravel, with 
boulders lying occasionally on their ridges ; these boulders in many 
places piled on one another, and in such a way as to show transport 


from N.W. 


Several of these escars run for miles continuously, and reach to 
the north coast, following a direction generally N.W., with occa- 
sional deflections. 
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When viewed from top of Barvas Hills they form a striking 
feature, as the bright green of the grass covering them con- 
_ trasts with the dark brown or black colour of the widespread muirs 
which they traverse. 

These escars reach to a height of from 30 to 50 feet above the 
adjoining flat ground. At one place (about 2 miles north of Barvas 
Hills) an escar expands and divides into a series of knolls, on 
which many boulders now rest. The highest knolls have on them 
the greatest number of boulders. At two places the boulders form 
groups, piled on one another. They had formed (as was mentioned 
by a shepherd) hiding places in times of trouble. Most of the boulders 
on these escars show transport from N.W., but some indicate a 
transport from W.S.W.; one from N.N.E. 

In this part of the island there are numerous lakelets, whose 
longer axis is generally parallel with the lines of escar,—a fact all the — 
more remarkable, as the outcrops of the gneiss rocks generally 
form lines in the direction of N.E. and 8. W. and dipping S.E. 

Dr Geikie was much struck with this fact, and expressed an 
opinion that the formation of the escars and of these lakelets must 
be due to one and the same agency, viz, a glacier or ice-sheet, 
which came across the “ Minch” from Ross-shire. , 

(10) Along coast from Barvas, eastward, boulders of granite, 
differing from any rocks near them, and alleged by a local mason 
seen by Convener to be same as rocks 7 or 8 miles to westward. 

A great monolith here, 18 feet 9 inches high and with a girth of 
16 feet, called ‘ Clachan Treudach” or “ Gathering Stone.” | 

(11) Dalbeag Hills, about 9 miles west of Barvas. Smoothed rocks 
and boulders indicating movement from westward. 

(12) At Zolsta (12 miles N.E. of Stornoway) a boulder 18 x 5 x 4 
feet, and 358 feet above sea, called the “Rocking Stone.” Rocked 
when Convener lifted it, or when he rested his weight on it, at 
either end of its longer axis. Its central part rests on bare smooth 
gneiss rock. Its longer axis points N.N.W. It is well surrounded 
by high hills ;—but towards N. W. there is an opening in the range of 
hills through which boulder might have come (Fifth Report, p. 31). 

(13) Hye Peninsula to east of Stornoway, where rocks are Old Red 
Sandstone. Boulders of gneiss occur there, which almost certainly 
must have come from Barvas Hills, situated about 7 miles to N. W. 
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(14) On Eye Peninsula a brickwork of boulder clay, in which, 
at a height of about 200 feet above sea, fragments of marine shells 
seen by Convener. 

Dr Geikie mentions those, and states that similar shells were 
found by him in a deposit stretching across the north part of the 
Lewis, from shore to shore (Fifth Report, p. 36). 

(15) With reference to the above-mentioned group of islands, 
sometimes called the Long Island, remarks of a — character 
may not be inappropriate. 


Mr J. F. Campbell (formerly of Islay), weit of Frost and — 


Fire, wrote as follows to the Convener :— 

“In the Long Island, from Barra Head to the Butt of Lewis, the 
whole country is glaciated, with boulders everywhere perched on 
the hills) Wherever the surface is newly exposed, the striations 
and -smoothings are so perfect that the marks can be copied as 
‘ Brasses’ are copied.” | 

In a letter from the same gentleman to Mr pon Carmichael 
of the Inland Revenue , @ native of the Hebrides, the former re- 


marks :—‘ Glacial striz occur upon fixed rocks in Tiree, Mingley, 


Barra, South and North Uist, and correspond with a direction from 
N.W. or thereabouts. The hills are ice-worn to the very. tops. 
Transported blocks are scattered over all these islands.” 


13.gSkye.—The Convener regrets that the Committee received no 
reporgé from this island ; nor had he an opportunity of visiting it 


himsel 


, except at one spot, viz., Loch Scavaig, on the west coast, 
wher} = steamboat stops for an hour to allow passengers to see 
Corie The Convener then saw and examined a large boulder 
= graph No. 30, Plate X. ). Its position, on a rock between the 
amd the adjc oining lake, is described on page 66, Siath Report. 
The | fock on which it stands slopes steeply towards W. by N,, 
and § is in so precarious a position that it must have been very 
gently let down by the agent, whatever it was, which transported it. 

Pwfessor Heddle reported that in the year 1879 he walked along 


N. 


the s, but saw no boulders. 


visited Stainchol Island, situated off the east coast, and jee 
Cangprian Conglomerate blocks, similar to what he had seen on the 
Shia@t Islands, and similar also to the rocks existing in the Lewis, 


fpart of Skye from Aird Point to Portree, and partially among . 
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near Stornoway. On Stainchol shore the Professor found dolerite 
boulder containing Labradorite. He states that the parent rock is 
situated about fifty yards to N.N.W. (Siath Report, p. 38). 
Judging from what is casually said by Dr Macculloch and 
Principal James Forbes, regarding boulders in Skye, they must be 
numerous and interesting. Thus Forbes refers to boulders “ poised 
upon others, or fantastically balanced on the tops of elliptical domes 
of rocks ;” and Macculloch says that the summits (on which some 
of the boulders stand) are not only bare, but often very narrow, 
while their declivities are steep, and sometimes perpendicular. 
Macculloch confesses his inability to explain these phenomena. 


INVERNESS-SHIRE. 


Loch Nevis, on west coast. Several large boulders of coarse- 
grained granite seen near Inverie House, lying on slate rocks. 

On road towards Gussern, several boulders of interest pointed 
out to Convener by late Mr James Baird, the proprietor. 

At height of 360 feet above sea, and near sea-shore, rocks 
smoothed and striated from N.W. by W. | 

Two large boulders lie on side of a hill, which slopes down to the 
W.N.W. One of these, of elongated shape, has its longer axis 
N.W. and 8.E. 

A large boulder, consisting of two fragments, pointed out by Mr 
Baird, in consequence of his believing that the boulder had been 
broken by falling from a height, and striking on the bare rock, 
where these fragments now lie. The two fragments are four or five 
feet apart. Whilst the opposing surfaces correspond in shape, they 
are so weathered, as to show that the fracture was not of recent date. 

At summit level between Inverie and Gussern, there is a horizontal 
terrace, facing the sea, and at from 400 to 500 feet above sea, with 
a number of boulders on it. 

At Invergussern, lower part of valley blocked by a huge gravel 
ridge, now cut through by river, quite in the position of a terminal 
moraine. But, being composed of nearly horizontal beds of gravel 
and sand, from 40 to 50 feet deep, more probable that it is a sea 
deposit, and that it for some time confined a lake; for on the 
sides of valley horizontal water-lines occur (Second Report, p. 164). 
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2. Loch Corry, near Morvern, has its rocky shores well glaciated. 
A large knoll of red granite, at mouth of loch, has had its W.N. W. 
sides rounded, and partly striated up to 150 feet. TheS.E. side of 
knoll rough and craggy (Highth Report, p. 29). | 
north shore there is an angular block 27x 27x11 feet, 
apparently moved 28 yards from a rocky cliff situated to N.W., of 
which it had been part. The hills on the Glen Sanda property, reach- 
ing to a height of 1800 feet and more, are glaciated to their very tops. 

3. On Loch Shiel, several similar cases of large blocks (from 1 to — 

10 tons weight) apparently forced from rocky cliffs and carried east- 
wards, | 

White granite vein or dyke met with near top of hill, 2718 feet 
above sea, from outcrop of which, blocks detached, and carried east- - 
ward nearly one-third of a mile. : 

4, In Glen Oban, remarkable examples of rounded rock-surfaces, 
some more than 100 feet high; also of “perched boulders,” on 
isolated rocky knolls, each from 300 to 400 feet high, and inacces- 
sible, as shown in woodcut annexed. 


fi 
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Glen Oban, showing Perched Boulders. 


5. Mid Lochaber.—Memoir by Rev. Professor Duns, on Surface- 
Geology of, and particularly on the boulders found to N. and W. of 
Ben Nevis. The Professor says—‘ Granite boulders are lying on 
the mica schist rocks, where the side of the mountain slopes down 
so steeply as to make it a puzzle to understand how they can 
remain in position.” | 
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J 


824 Proceedings of the Royal Society 


The author expresses belief that the phenomena may find explan- 
ation in the recognition of two movements,—one outward from 
Ben Nevis as a centre, the othera force travelling from the W.N.W. 
or N.N.W. (Highth Report, p. 21). 

Notes on boulders, situated to the west of Fort-William, by Mr 
Colin Livingston, teacher of public school, Fort-William. 

The author enumerates boulders and striated rocks on west side of 
Ben Nevis, and expresses a confident opinion that two glaciers existed, 
the one descending Glen Nevis, the other Glen Spean and Glen More. 

He refers to immense mounds and ridges of detrital matter, 
(having animperfect stratification) towards Inverlochy and Torlundy, 
—such as might have been produced, if it fell from some height 
(Eighth Report, pp. 23, 27). | 

6. Since the time when Mr Livingstone’s Notes (given in the 
Eighth Report) were framed, he has made a further inspection of the 
hills to the W. and S.W. of Ben Nevis, and has communicated to 
Convener the following additional facts :— 

Stob Ban, reaching a height of 3274 feet above sea, is situated 
west of Glen Nevis. It is composed of quartzite, which accounts for 
its Gaelic name of White Pin. Boulders of this rock are found to 
the eastward, on various parts of the west slopes of Ben Nevis. 

Another hill of interest is * Mulloch-Nan-Coirean,” 3077 feet, 
having a rounded top of red granite. On its top there is a slab of 
mica slate. How it came there, Mr Livingstone says is a mystery. 

He admits that mica slate rock exists in large quantities towards 
| Sghor Challum, a hill 1823 feet, situated to the west. But he sees 
the difficulty of conceiving that any glacier could have brought it. 

On the same hill there are boulders of micaceous gneiss and 
quartz. The quartz boulders, he says, may have come from Stob 
Ban ; the birthplace of the gneiss boulders is (he says) uncertain. 

7. Notes on Ben Nevis and Craig Dhu, by Professor Heddle of 
St Andrews, were sent to Committee. He expresses an opinion 
that a glacier swept down Glen Nevis, even overtopping a hill of 
3077 feet. He also suggested the probable existence of another vast 
glacier cradled in the gorges between Aonach Beg and Aonach Mor. 

8. Ben Nevis.—Convener ascended to top, by a path leading 
up the N.W. side of hill. Enormous boulders of grey granite lie 
on N.W. slopes. A few on each side of path were measured, and gave 


; 
i 
t 
. 
t 
; 
; 
‘ 
| 


of Edinburgh, Session 1883-84. 825 


the following results:—16 x 10 x 10 feet (118 tons) (partially sunk 
in gravel); 15 x 7 x 5 feet (lying on bare rock); 13 x 7 x 4 feet; one 
nearly cubical, the sides being each about 4 feet square. The first 
three have longer axis N.W. They are from 900 to 1200 feet above 
sea. But there are some, up to 2000 feet above sea. Mr Doig, 
builder, Fort-William, who accompanied Convener, mentioned that 
there had been one boulder at the foot of mountain, on its N.W. 
side, so large as to afford materials for building Hoe entire front wall 
of the Town Hospital of Fort-William. 

Mr Doig stated that he considered that the boulders on west flank 


of the mountain were generally diff erent from Ben Nevis rocks 


(Fifth Report, p. 65). 

9. On Treshlik Hill, 1566 above sea, on north side of Linahe 
Loch (opposite to Fort- William), Convener, under guidance of Mr 
Livingstone, inspected a coarse-grained granite block, 8 feet high, 
52 feet below summit, on west slope of hill, This hill forms a 
ridge about half a mile long, running W.S.W. Rocks zn situ 
are clay slate. Boulder must have been transported from some 


westerly point, and put down very gently, as slope exceedingly 


steep where boulder rests (Lithogr aph No. 31, Plate X.) ae 
Report, p. 161). 

Rocks on north and west sides of hill near top are well slic 
rocks on 8. E. side of hill are rough. The smoothed rocks are 
chiefly on a space along north side of hill, from 30 to 60 feet below 
summit. Many coarse-grained granite blocks, and water-worn 
pebbles, lie along north face of hill near the top. 

10. Boleskien, Abertarf, and Dores.—Well rounded granite 
boulders of red and grey varieties occur over district of Strath- 
errick, One above ground measured 20x10x7 feet, and there 
seemed to be as much below. Its longer axis N. and 8S. Another 
at Fall of Foyers measured (above ground) 12 x 6 x 6 feet. 


Several are poised on tops of isolated hills. Highest hills in this: 


district about 2900 feet above sea. Boulders are chiefly above the 
level of 2350 feet. Below this level they are generally of a smaller 
size. Reported by Captain White, R.E. (Second Report, p. 137). 
11. Lochaber.—In this district one of the most interesting hills 
is Glen Dhu 2200 feet, between Glen Roy and Glen Spean. Pro- 
fessor Heddle, having visited it, expressed an opinion that the large 
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boulders on and near the top had come from a 8.8.E. direction 
(Highth Report, p. 37). 

As other geologists have visited this hill, and recorded views 
which contain further information, it is right to refer to them. 
Thus Mr Jamieson of Ellon mentions having seen several large 
boulders of syenitic granite on or near the top of Craig Dhu, a gneiss 
hill, at a height of 2100 feet above sea. He says—“ What is 
remarkable is, that the largest and most angular are more numerous 
high up on the very brow of the hill than further down. Thus” 
(he says), ‘‘ one 12 x 9 x 6 feet lay only 130 feet below the summit ; 
another was a magnificent block, 15x10x6 feet” (L. G.S. J, 
vol. xvii. p. 175). | 

The late Professor Nicol of Aberdeen, well known as a geolo- 
gist, refers to the Craig Dhu boulders in these terms :— 

“TT found huge blocks of black granite and smaller masses of red 
porphyry within a few yards of the summit of Craig Dhu, a conical 
mountain of mica slate. One block must weigh 40 tons. They 
are evidently ice-borne, probably floated from the N.W.” (Lond. 
Geol. Soc. Proc., August 1869, p. 283). | | 

The Convener visited Craig Dhu, and noted the following 
_ points :—(1) The boulders on the hill, in so far as not of a round 
shape, have their longer axis KE. and W. A little above 1391 feet 
level, found boulder on bare rock, which here forms a flat surface, 
glaciated like the rest from W. by N. The boulder must have come 
after glaciation of rocks. Lookin g towards west, saw a line in that 
direction clearing all the hills, showing an opening for a move- 
ment from west towards and upon Craig Dhu. Masses of white 
quartz rock were found glaciated from west. A boulder near top 
of the hill, with longer axis W. by S. (Edin. Roy. Soc. Trans., 
vol. xxvii. p. 641). 

Mr Jamieson refers to a granite boulder on the top of Bohun- 
tine, a hill 2000 feet high, not far from Craig Dhu (Eighth Report, 
p. 639.) 

Mr Jamieson, in describing smoothings and scorings of the 
rocks at Loch Treig, up to 1280 feet, states that he found 
“perched boulders” and rounded surfaces of rock much higher, 
and even up to the top (about 3155 feet above the sea). The 
gneiss, though it runs in nearly vertical stratifications, is neverthe- 
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less so free from any loose fragments on its surface, and the ends of 
the strata are often so rounded in outline as “to raise a suspicion 
that some denuding agent had flowed over it, at a period geologi- 
cally recent” (Lond. Geol. Soc. Proc., vol. xviii. p. 172). 

The following cases of boulders were reported by the Convener :— 

On the summit of the hills, at the head of Glen Roy (1320 feet 
above the sea), there are enormous granite boulders. ‘Some rest on 
bare rock, but traces of clay and gravel in their vicinity suggest 
that they may originally have been embedded in drift, which has 
been since mostly washed away from under and about them” (Edin. 
Roy. Soc. Trans., vol. xxvii. p. 639). 

The late Charles Darwin, who visited Lochaber, and wrote an 
instructive memoir on the “ Parallel Roads” question, refers to the 
Ben Erin hills,—their height reaching to 1600 feet above the sea. 
He says that “on the mountains between Glen Roy and Glen 
Glouy, on a hillock N.N.W. of the summit of Ben Erin, I found 
several masses of granite, one of which was 4 x 3 x 2 feet, resting on 
the surface of the gneiss. This hillock seemed to be entirely com- 
posed of the latter rock, and it was separated from all other hills by a 


valley. On the flanks of Ben Erin, at about the same level, there — 


were several boulders of granite.” With respect to these Ben Erin 
boulders, they are completely cut off from every granite district by 
valleys, the highest point of which is 920 feet below a boulder, the 
altitude of which I measured; that is, it would be impossible to 
walk from granite in situ, to these boulders, without ascending at 
least that number of feet” (Darwin, ‘‘On the Parallel Roads of 
Glen Roy,” Phil. Trans. of Roy. Soc. of London, for 1839, page 69). 

Sir John Ramsden of Ardverikie (on Loch Laggan) informed 


Convener that on the top of two contiguous hills, forming part of © 


his estate, east of Loch Laggan (one of these hills exceeding 3000 
feet in height), there are large granite boulders. 

Sir John Ramsden guided the Convener to the Wester Beinin Hill 
(situated on the west side of Loch Laggan) to see several grey 
granite boulders. The rocks of the hill are red granite. One of the 
boulders is on a shelf about 1516 feet above the sea, on the side 
of a hill sloping down to W.S. W. 

Facts bearing on the direction of boulder transport in Loch- 
aber have been noticed by several geologists. Thus, Mr Jamieson 
mentions that on the hilly ridge between Glen Spean and Glen 
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Gluoy the direction of the stria at a height of 800 or 900 feet 
above the sea is from W. 20° N. to W. 40° N.; and as “the 
western sides of the rocks were most worn, the action had come from 
that side” (Lond. Geol. Soc. Journ., 21st January 1863, p. 246). » 

In Glen Roy (at about 1200 feet above the sea) he found, much 
to his surprise, that ‘“‘ice had come from. the 8.W. up the glen, and 
had gone out in a wide stream, towards the wide valley - the 
Spey,” viz., eastward. | 

11. Black Mount district, near liek. —Boulders of a peculiar 
white granite, found by Professor Heddle, forming a trainée. He 
investigated from what hills they came, and traced them to Alban- 
nach Hill, reaching to a height of 3425 feet above the sea; and 
situated about 10 miles N.W. from Loch Tulla. 

Reference is made by the Professor to an enormous boulder 
weighing about 1900 tons, in a narrow part of a valley at Loch 
-Dochart, where traces were seen of some very “powerful agent” 
which had passed through the valley eastward. , 

12. In the Fourth Boulder Report (p. 14) an account is given of 
the Fassnacloich boulders, a species of black granite. Specimens 
were sent to Mr Judd of London, on account of his personal know- 


ledge of rocks in the West Highlands. His opinion was that the _ 


rock of the boulder was identical with rocks in Mull and Ardna- 
murchan, from which district, therefore, he supposed the boulders 
may probably have been transported. 

On the shore of the Linnhe Loch, at Appin, there are two huge 
well-rounded boulders of the same kind of granite. Their position 
favours Mr Judd’s suggestion, that all these boulders had been — 
transported from the westward. 

_ The granite boulders on the top of Craig Dhu, already men- 
tioned in Lochaber, are of a dark colour. Is it possible that the 
- mountains of Mull and Ardnamurchan could have supplied all these 
boulders when the sea stood 2000 feet or more above its present 
level? (Fourth Report, p. 45). 

124. Ardgour district, on north side of Linnhe Loch.—Professor 
Heddle of St Andrews, in Seventh Report, p. 36, states that on 
Stob Choire a Chearchaill he found a trainée of boulders lying along 
the ridge for nearly a mile, at heights varying from 2400 to 1800 
feet above the sea. The direction of the trainée was N.N.W. 
Most of these boulders consisted of syenite, with red felspar crystals 
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and green hornblende. Thinking that these boulders might also be 
found on the south side of the Linnhe Loch, he crossed, and on two 
hills there, viz., Bein Bhan, at a height of 1500 feet, and on Beinn 
na Gucuig, at a height of 2017 feet, he found boulders of the same 
syenite as he had found on the north side of the loch. 
In the Highth Report (p. 33) Professor Heddle mentions his dis- 
covery of more boulders of the same peculiar syenite, as seen by him 
on hills nearer Ben Nevis and on Ben Nevis itself, at an altitude of 
2200 feet. This discovery led him to change his opinion as to the 
direction of the transport of these boulders. 
18. Loch Creran.—The boulders there were examined by Professor 
Heddle. He was much puzzled to explain from what district they 
came, There were strie on the rocks of the hills adjoining, at 
heights exceeding 2000 feet above the sea. He was inclined to 
think that the boulders had crossed the Linnhe Loch from Loch 
Sunart and Glen Tarbert. 
On some of the hills of this district boulders were discovered 
at heights exceeding 2000 feet, which Professor Heddle was satis- 


fied must have crossed valleys to reach their positions, and by means _ 


of floating ice (Sixth Report, p. 43). 

14, Glencoe District.—On the western slopes of a hill, in the higher 
part of Glencoe, near Loch Tulla, boulders of a peculiar white 
granite were found by Professor Heddle. They were different from 
the adjoining rocks, He already knew that the rocks in the hills 
to the eastward were also different; so, in expectation of finding 


the parent rocks, a search towards the west was commenced. On 


reaching the Aonach-Eagach range of hills the same kind of 
boulders were seen, fewer in number, but larger in size. They were 
lying chiefly on the eastern side of the narrow ridge leading up to 
the summit of the nameless peak marked 2938 feet on the Ordnance 
map. On the next rounded haunch (2880 feet) they were not seen, 
but they reappeared on the ridge as it ascended to the eastern peak 
of Meal Dearg (3090 feet), and almost up to the summit of the 
western peak (3118 feet). ‘Their position,” adds Professor Heddle, 
was most peculiar. They lay on a ridge not muny times wider 
than their own bulk, and only on the eastern slopes of that ridge ; 
while on the lower hills, where they were first seen, the same boulder 
lay on the west slopes” (Siath Report, p. 44). “It is a fact of con- 
siderable importance, bearing on any theory of transport, that these 
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boulders on Aonach-Eagach occupy positions much higher in level 
than any of the hills in a very wide extent of country, so that it is 
difficult, if not impossible, to adopt for them the explanation of any 
local glacier” (Siath Report, p. 46). | 

In the following year, Professor Heddle returned to the Rannoch 
district, to search for any farther traces of this stream of white granite 
boulders. To the S.E. of Loch Rannoch he found two hills, Gea 
Charn and Creag Mhor (2595 and 2250 feet), forming a sort of 
ridge running nearly N. and &., and so situated as to cross what 
might have been the line of stream. Two boulders found, each 
weighing about 7 tons, very similar in colour and composition to 
Loch Tulla boulders. He next proceeded to Schehallion, situated 
about 3 miles farther east, and found on its western slope, about 140 
feet below the summit, z.e, 3407 feet above the sea, a boulder of — 
the Loch Tulla group, about three-quarters of a ton in weight. 

Reference is made to other geologists who had previously found 
boulders on Schehallion, near its top—one being Robert Chambers, 
who concluded from the striations on the rocks of Schehallion, that 
the stream which brought the boulders had flowed from W. 30° N. 
(Seventh Boulder Report, p. 34). 

Convener passed through Glencoe Valley thrice, the last time on 
foot, beginning near the upper end. He was impressed with the 
belief from what he saw, that ice had passed down the glen, 
smoothing the rocks along bottom, and so far up each of the sides,— 
and carrying blocks of these rocks for some distance down the 
valley. On the other hand, it appeared to him that blocks of | 
rocks foreign to the valley had come up the valley at a subsequent 
period,—brought therefore, by the action of floating ice. One of these, 
a huge mass of Conglomerate, was resting on a terrace of gravel ; 
and above the gravel there were, on the hillsides adjoining, “extensive 
beds of sand,” reaching to heights exceeding 2000 feet above the sea. 
Besides this Conglomerate boulder, there were granite boulders in such 
positions as to show that they also had come up the glen. The Con- 
vener concluded that the glen had first been occupied by a glacier; and 
that at a later period the land sank to more than 2000 feet below its 
present level, which would allow floating ice to pass over the Glencoe 
Hills, and to deposit on them some of the boulders they might be 

carrying (Fifth Report, pp. 52, 53) (Lithograph No. 33, Plate X.). 
15, Kilmallie.—One boulder, 12 x 10 feet, fully 2000 feet above 
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sea, on summit of a hill. Another, larger, between Loch Shiel and 
Loch Askaig (First Report, p. 38). 

16. Fort Augustus.—About 2 miles to 8.W. of the town, on 
Corryarrick road, a boulder of grey gneiss, on a steep bank of 
gravel at base of a buff-coloured felspathic rock. As the hill-slope 
faces N.W., boulder seemed to have come from that quarter. It 
happens to be exactly at same height above Loch Ness (207 feet) 
as boulder seen to the east of Urquhart (Fifth Report, p. 64). 

17. Strathglass and Glen Urquhart (north of Loch Ness).*— 
(1) On hill above Afric Hotel, on east side of river Cannich, at 
height of about 720 feet above sea, rock planed and striated, the 
strie running N. by W. coinciding with direction of valley. 

At height of 970 feet above sea, a granite boulder lying on up- 
turned edges of gneiss rock—its position indicating that it had 
come from W. by N. (Fifth Report, p. 63). 

At summit of hill, about 1170 feet above sea, numerous boulders 
found, chiefly on slopes facing N.W. 

(2) On public road to Urquhart, a few miles from Affric Hotel, 
rocks on south side of road ground down and striated, in a line 
about E. and W., 2.¢., parallel with axis of main valley. 

At top of hill, about 660 feet above sea, several boulders found, 
resting on a bed of sandy clay, and on a slope of hill facing W. by 
S. The west sides of boulders chiefly rounded, as if worn by 
friction of bodies passing over them from west. 

All the rocks exposed show smoothings on sides facing west, as 
far up as hill reaches, viz., 927 feet above sea. 

(3) Whole of Glen Urquhart indicates, by quantity of gravel and 
sand on both sides, that it has formerly been choked 7 drift, which 
cut through and scoured out by the river. 

(4) On north bank of Loch Ness, half a mile east of Uneuhert, 
‘IMmany conglomerate boulders lie on hill sloping towards Loch Ness, — 
from 200 feet up to 800 feet above Loch Ness. Rocks of hill here 
are gneiss ; Mealfourvonie hill, situated some miles to west, consists 
of Conglomerate rock. 

* Convener made this excursion actompanied by Mr Jolly (Inverness), to 
ascend Mawm Saul, a mountain reaching a height of 3880 above sea, in order 
to investigate the truth of a report by Ordnance surveyors, that on the west 


side of this mountain, at a height of 3800 feet, horizontal beds of sand and 


gravel had been seen by them. After the foot of the mountain was reached, 
bad weather prevented the ascent. 
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At height of 450 feet above loch, deep beds of a fine sandy clay 
occur. 

One of the boulders is at a height of 340 feet above loch, which 
corresponds with a horizontal terrace on south side of loch. 

18. Glen Morriston and Gllendoe, on north side of Loch Ness.— 
(1) In Eighth Report (p. 15) Professor Heddle describes several 
boulders on the hills at the head of Glen Morriston, near Clunie 
Inn, at great heights, and some on very steep slopes, apparently 
transported from westward. | 

(2) The Convener (Fourth Report, p. 23) describes a visit to 
Glendoe, at head of Glen Morriston, where he found several boulders 


of large size, at heights of from 919 feet to 1205 feet above the sea, 


These boulders rest on gravel and sand, and in height correspond 
occasionally with horizontal terraces occurring on opposite side of 
the valley where they occur. 

In a higher part of valley, viz., about 1190 feet above sea, deep 
beds of sand and gravel found. Terrace seen by Ordnance surveyors 
at height of 1280 feet, at top of glen. 

The Convener was told of a still larger boulder, about 16 feet high, | 
at Clachnaharry, on south side of Loch Clunie, 2 or 3 miles west of 
Glendoe. 

19. (1) In Stratherrick, a large patch of grey granite rocks occurs. 
They are extensively quarried, and therefore are easily recognisable. 
Blocks have been carried eastward, even to near Elgin. They occur | 
also on the tops of the Conglomerate hills between Loch Kecklis 
and Loch Ness, at heights of from 1400 to 1500 feet (Jolly, in Fifth 


Report, p. 72). 


(2) Along north bank of Loch Ness, near east end, a patch of red 
granite occurs, blocks of which have been recognised in the Tomna- 
hurich gravel hill near Inverness, and even on towards Nairn and 
Forres (Fifth Report, p. 69). 

‘Along south bank of Loch Ness, near i end, a peculiar liver- 
coloured Conglomerate rock occurs, blocks from which seem identical 
with a number of large boulders east of Inverness (Fifth Report, — 
p. 71, and Sixth Report, p. 47). 

The late George Anderson of Inverness states that in some of the 
drift deposits near Inverness there are pebbles and boulders “that 
appear to have come from very distant parts of the country. Such,” 
he says, “are the white stone of Ben Nevis and of Strathconon 
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(Ross-shire), and the quartz rock of Foyers” (Wernerian Trans., 
vol. iv. p. 205). 

Mr Jamieson of Ellon adverts to this same drift accumulation, 
known as Tornain Hill, in the following terms :—“ There are masses 
of coarse water-worn gravel rudely piled together, 200 feet thick. The 
stones are all water-rolled, and show no glacial strie. The pebbles 
are of various kinds of metamorphic and crystalline schists, red 
sandstones, conglomerates, granites, and porphyries. These materials 
look as if derived fromthe rocks along the valley to the south-west” 
(Proceedings of the London Geological Society, January 11, 1865). 

(3) In town of Inverness, a boulder of greenstone or black granite, 


called ‘ Clach-na-Cudaine”—“ Stone of the tub,” now standing in 


High Street, with pillar on it supporting town armorial bearings. 
Stone had formerly stood at top of cliff above River Ness, and from 
time immemorial afforded a convenient rest for the tubs or pitchers 
in which the women brought up water for household use. . When a 
supply of water was brought into the town by pipes, the magistrates 
proposed to break up the boulder, but the townspeople objected at 
first even to its removal. A compromise was come to by the boulder 
being shifted to the side of the street, opposite to the Court-House, 
and by the erection on it of the Town Arms (First Report, p. 18). 

(4) At Clachnaharry, a boulder weighing about 100 tons, called 
‘The Watchman’s Stone,” resting on a projecting part of the coast 
(opposite to Inverness), from which a good view can be had of 
Moray and Beauly Firths. 

Above Clachnaharry there are smoothed rocks, with grooves run- 
ning E. and W., a direction parallel with Beauly valley. 

(5) Culloden Muir.—Here stands “The Duke of Cumberland’s 
Stone,” a Conglomerate boulder with six sides, height about 6 feet, 
and girth not quite 60 feet. Itslongeraxis W.N.W. On top of boul- 
der traces of strie running W. by N. Boulder lies on an extensive 
plateau about 450 feet above the sea, At nearly the same level a 


horizontal terrace is visible, looking south, on the hills to the south — 


of the River Nairn, about two miles distant (Second Report, p. 158). 
There are no Conglomerate rocks, except on Loch Ness, which 
bear W.N.W. ;—or at Kilmorack (on River Beauly), which bear 
N.W., each place about 20 miles distant. 
Craig, Parish of.—About half a mile S.W. of village, a mica 
schist boulder, 17 x 8x 9 feet. It lies on hills sloping down N.W. 
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There is also a Conglomerate boulder known by name of ‘‘ Tom 
Riach.” Itswest side 18 feet, north side 21 feet, east side 24 feet, south 
side 21 feet, and height 20 feet—652 tons. Boulder rests on gneiss 
rock. Lower surface seems smooth, as if it had been pushed over hard 
materials. Boulder has by some means apparently come down the 
valley of the Nairn, viz., from westward (Second Report, p. 158). 

On plateau, 4 miles south of Inverness, at about 774 feet above 
sea, another Conglomerate boulder, with thin stratum of Old Red 
Sandstone onits top. Its girth about 51 feet, height 9 feet. Longer 
axis N.andS. A kaim of gravel and sand, about 900 feet above sea, 
situated north of boulder, running E. and W., or parallel with Nairn 
valley, on north side of which it occurs (Second Report, p. 158), 

(6) Dallanossie Parish.—Boulder (apparently coarse granite) 
30 x 18x 9 feet (360 tons), on Dallry Farm, Moy estate. Boulder 
split into two parts, which gives its name, viz., “ Clach Schuilt,” or 
‘“‘ Cloven Stone.” Height above sea 2090 feet (Captam White of 
Ordnance Survey). 

(7) Duntelchak Hill, west of Inverness, about 900 feet above sca, 
composed of coarse Conglomerate. On N.W. side rocks are ground 
down and smoothed ; on S.E. side rocks rough and steep. Granite 
boulder, 7 x 4 feet, lies on N.W. slope of hill, about 30 feet below 
top. Longer axis N.W., with sharp end towards that quarter. No 
granite rocks in this district except to west, about 10 miles distant. 

(8) Flichity Valley (about 8 or 9 miles S.W. of Inverness), 
through which River Nairn flows. _ | 

An isolated hill on south side of valley, about 1620 feet above 
sea, well covered with boulders, which are precariously situated on 
account of steepness of hill-side (Lithograph No. 32, Plate X.). 
They are chiefly on west slopes. 

On this hill there are horizontal terraces, with boulders on them. 

At east end of Flichity valley a great embankment, which, before 
being cut through by River Nairn, must have been the means of 
forming a lake filling the valley. The cut across this embank- 
ment, through which river flows, is about 200 feet deep. 

There are also in the upper part of Nairn valley many large 
gneiss houlders, supposed by Mr Jolly to have come from the west, 
several of which are split ; one at height of 2260 feet above sea-level. 

At Farr, in Nairn valley, to the east of the embankment, and near 
Junction with another valley which runs N. W. up to Duntelchak, there 
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is a remarkable assemblage of gneiss or mica slate boulders (Lithograph 
No. 34, Plate X.). They were first pointed out to the Convener by Mr 
Jolly. Some rest on glaciated rock surfaces, sloping down to westward, 
and which therefore suggest transport of the boulders from westward. 

Reasons given for suggesting first a glacier, which passed down 
eastward, and subsequently a submergence of the land under the 
ocean (Second Report, p. 159). | 

(9) About 6 miles S.W. of Inverness, an extensive plain, about 
645 feet above sea-level, covered with drift, on which several Con- 
glomerate boulders occur. They probably came from Duntelchaig 
and other hills to westward. Qne is 24x 21x8 tons. 
Longer axis W.N.W. 

On “ Craig-a-Clachan,” at a height of about 1100 feet above — 
sea, a large Conglomerate boulder called “Watch Stone” —madeknown 
to Convener by Mr Jolly. It lies on gneiss rock, and on very edge 
of a precipice of 100 feet vertically below it, on its N.E. side. In 
order to reach a site in this position it could have come in no other 
way than in a direction between W. by N. and W.N.W., and 
almost certainly on floating ice. | 

On the same hill there are other boulders of smaller size, whose 
position in like manner suggests transport from westward. 

(10) Some miles farther south there is a lake bearing name of 
“‘ Loch Clachan,” probably on account of the number of boulders on 
its banks and the hills adjoining. Most of these are of grey granite. 

By reference to Professor Geikie’s Geological Map of Scotland, it 
will be seen that the nearest position for granite rocks in this 
district is Loch Faraline, about 15 miles westward. 

One of these boulders is 21 x 20 x 14 feet (218 tons) at 983 feet 
above sea. Another about same size, and at about 1259 feet above sea 
has its sharp end towards west. The east end is broad, and butted 
up against a gneiss rock, which would obstruct its passage eastward. 
On this gneiss rock there are E. and W. striz, which might have been 
made by the boulder pushing and pressing hard pebbles over the rock. 

(The facts given in (9) and (10) are taken from Convener’s 
Treatise on Ancient Water Lines, pp. 86, 87.) 

(11) Craig Phaedrich Hill, consisting of Conglomerate reck. 
On its N.W. slopes the rocks are bared, rounded, and smoothed, 
with boulders of gneiss lying on the N.W. slopes. Hardly any 
boulders or striated rocks are on south slopes of the hill. 


A 
| 
| 
5 
; 


836 Proceedings of the Royal Society 


On several parts of the hill, especially on its south slopes, the 
rocks are broken up into large cubical fragments, resembling, in 
shape and composition, the boulders mentioned in (5) above (Second 
Report, p. 163). 

(12) In the Ninth Report (pp. 10-12) there is an interesting 
list of boulders in the neighbourhood of Inverness by Mr Wallace, 
High School, Inverness. 

(13) Kingussie—On Clunie M‘Pherson’s lands, two boulders of * 
@ coarse-grained granite. One is 11x 9x 6 feet, the other is about 
double the size of the former, with felspar crystals of a green colour, 
and mica plates about 1 inch square.* Longer axis of both, about E. 
and W. Both lie on a hill-slope, facing down west. Height above 
sea 1035 and 1080 feet. Rocks of district are clay slate. 

The nearest hill is Craig Dhu, situated 4 miles to north on 
opposite side of Spey, the rock of which is also clay slate. 

Another boulder on Belville estate, 2 miles from Newtonmoor 
Railway Station, from 950 to 1000 feet above sea. Greatest length 
14 feet, breadth at top 8 feet, height 9 feet. Longer axis 8.8. W. 

At Laggan Free Church, a well-rounded granite boulder, 9 x 6 x 6 
feet, with longer axis E. and W., corresponding with directions of 
numerous striz on a well-smoothed rock on which boulder lies. 

Nearest hills of granite are some miles to the west. 


KINCARDINESHIRE. 


1. Banchory-Devenick, near Glassel Railway Station. Boulder 
called “ Bishop’s Stone”; circumference 44 feet, height above ground 
8 feet, estimated weight 70 tons. Bluish granite, differing from 
adjoining granite rocks, An ancient stone circle of boulders about 
200 yards distant. | | 

About 2 miles to north, rocks on Hill of Farre glaciated with 
strie, running E. and W.,—parallel with axis of Dee valley. 

Fettercairn.—No boulders now in parish, of any size. Long banks 
of sand and gravel, running parallel with one another. 5 

2. Maryculter.—Boulder 54-x 6 x 6 feet. ‘Longer axis N. and S. 
Rock of boulder supposed to be same as rocks to eastward (First 
Report, p. 40). 


* The only other boulder with felspar and mica crystals, similar to those met 
with by Convener, is that mentioned as occurring on Treshlik Hill, p. 63. 
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KIRKCUDBRIGHT. 

1. Galloway.—Great accumulation of boulders at head of 
valley, at Loch Narroch. Among these are boulders of the peculiar 
graphic granite of Loch Eroch to the north, so that these must 
have been carried southwards across various ridges and valleys to 
places where now found. 

Craiglee, remarkable for numbers of perched blocks, some of 
immense size; their numbers on a long ridge of hill — a 
broken-toothed saw. | 

Travelled blocks occur, even on ‘summit of Merrick, highest hill 
in Galloway (2764 feet). A number of poised blocks, and “rock- 
ing stones” (First Report p. 40). 2 

2. Kells—On Craigenbay Farm, a grey whinstone boulder 17 feet 
long and 10 feet high, 800 feet above sea. Longer axis N. and S. 

3. Kirkbean.—On sea-shore at Arbigland, grey granite boulder 
16 x 91 x 74 feet (about 80 tons), resting on sandstone rocks. 

Criffel Hill is about 3 miles to N.N.W. Rock there, same as 
boulder. In all the glens between Criffel and sea-shore numerous 
granite boulders, generally arranged in lines parallel with glens, 

4, Penninghame.—Granite boulders chiefly; supposed to have 
come from Minnigaff Hills situated to N.E. Some large boulders 
on watersheds between Lochs Dee and Troul. _ | 

5. Twynholm.—Granite boulder supposed to have come from Gallo- 
way Hills, 6 or 7 miles to westward. Several Druidical circles here, — 

6. Borgue.—Boulder of red syenitic granite; oblong in shape. 
Longest axis N.W. Rests on low hill of decomposed trap. 
South-east end vertical and rough. Girth at 3 feet above base 
23 feet. No granite rocks nearerthan about 10 miles, viz., a range 
of hills between Dalbeattie (east of boulder) and Creetown (west 
of boulder). Sketch of boulder given (First Report, p. 40). 

7. Generally.—Large rounded fragments of granite and syenite 
abundantly scattered over Stewartry, and so arranged as to 
indicate that they have been dispersed by some force proceeding 
from N.W. (Siath Report, p. 27; Highland Society's Trans., vol. 
viii. p. 716, Hay Cunningham). | 

Professor Harkness, in the year 1870, made known to the Lon- 
don Geological Society his discovery of Criffel granite boulders in 
Cumberland. In his paper (published in the Quarterly Journal for 
November 1870, p. 522) he states that “this Criffel granite occurs 
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not only in the form of blocks on the surfuce, but also in the boulder 
clays.” The Criffel granite blocks are also common in the boulder 
clays of the vale of Eden. He adds that there are also “ Eskars 
in the valley, which yield blocks of Criffel granite.” 

In the Ninth Report of the English Boulder Committee, an ac- 
count is given of the boulders found while excavating for the new 
docks at Maryport, on the south side of the Solway ; among them 
were granite blocks, varying in size from pebbles to blocks of a ton. 
It is remarked in the Report that “the nearest granite occurs in 
‘‘ Kirkcudbrightshire Hills, 15 or 20 miles distant, nearly due north.” 

In the Fifth Report of the English Boulder Committee (Br. Ass. 
Pr. for 1877, p. 82) there is notice of a Criffel granite boulder found 
near Liverpool in. excavating for new docks. It is added “ that Mr 
J. Geikie and Mr Horne pronounced specimens which were sent to 
them to be from the outskirts of the Criffel granite area,” 

There is ground for believing that Criffel granite boulders occur 
even so far south as Lancashire. Mr Mellard Reade of Liverpool, 
C.E. and F.L.G.S., wrote in the course of 1882 to the Convener, 
that having for some years, while investigating the drift deposits 
near Liverpool, collected specimens from boulders, some of which 
were evidently derived from rocks different from any belonging to 
that part of England, he wished to submit these to any person - 
known to the Convener to be well acquainted with the rocks of the 
S.W. of Scotland. The Convener having suggested Mr Dudgeon 
of Cargen, Dumfriesshire, Mr Reade transmitted the specimens to 
him, the result of which is explained in the following extract of 
a letter from Mr Reade to the Convener— _ 

“Mr Dudgeon recognises with certainty Criffel granite, having 
assured himself of its identification by having seen in some 
of the specimens submitted to him the minerals sphene and alla- 
nite, which he is not aware occur in any other granitic district 
nearer than Aberdeenshire and Sutherland. He also thinks some 
of the granites come from veins in the Silurian rocks about 7 miles 
from Dumfries.” * | 


* Mr M. Reade has since (Feb. 1884) read in the London Geological Society 
a paper narrating a visit he made to Kirkcudbrightshire, for the purpose of 
comparing chips from the Lancashire boulders with the supposed parent 
rocks, In this paper he mentions his identification not only of granite 
boulders with the rocks of Criffel and Cairnsmore of Fleet, but also of Liver- 
pool Silurian boulders with Kirkcudbrightshire rocks. When his paper was 
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LANARKSHIRE, 

Glasgow.—{1) Near Possil, sandstone rocks under boulder clay, 
striated, partly from N. W. partly from N.E., oldest apparently being 
from N.W., judging bylength and depthof strie. Boulders intheclay, 
recognised by Mr John Young of Glasgow University Museum, some 
from Kilpatrick Hills to N.W., and others from Campsie Hills to N.E. 

(2) At Brickwork, near Garscube Road, sandstone rocks, also 
striated from N.W., and more deeply than at Possil. 

At this place, numerous boulders of old red conglomerate, grey 
granite, schists, &c., supposed to be from Bonaw and Kilpatrick 
Hills to N.W. (Second Report, p. 165). 


LINLITHGOWSHIRE. 


1. Bonnington District.—(1) On Pumpherston estate, the « Ballen- 
geich Boulder,” in girth 10 or 12 feet; but now broken up into 
eight fragments. It is a coarse dolerite, of which no rocks nearer 
than Bathgate Hills, about 2 miles to N.W. Had been about 60 
tons in weight. The boulder was lying on boulder clay. 

Not far from this boulder there is another of quartzite, about a 
quarter of a ton in weight, and containing crystals of green mica, 
most probably transported from Highlands. 

(2) On Tornain Hill, Bonnington Farm, occupied by Mr James 
Melvin, another dolerite boulder, known as the “ Witch’s Stone,” 
about same size as that at Pumpherston, and about same height above 
sea, viz., 431 feet. It lies on a slope which faces W.N.W. On 
digging below the boulder, Mr Melvin found it resting on decom- 
posed trap. Nearest rock of same kind is on Bathgate Hills, 
situated 5 miles W.N.W. 

There is a valley between Tornain Hill and Bathgate Hills, across 
which boulder had probably been transported. If.a line be drawn 
from this boulder to Bathgate Hills, it passes close to “ Ballengeich” 

boulder. 
- This boulder also has been broken into six fragments. Some 
archeological interest attaches to boulder, as on one of its frag- 
ments there are “cup markings.” 

(3) Formerly, pn S.E. side of Tornain, another dolerite boulder, 


read he exhibited chips from these boulders and the parent rocks for com- 
parison. In this paper there is a becoming acknowledgment that Mr 
Mackintosh had been the first to refer the Lancashire granite boulders to 
Criffel (Z. G. S. Trans. vol. xl. p. 270). 
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21x5x 4 feet, lying with longer axis I. and W., and at height of 
about 300 fect above sea. If it also came from Bathgate Hills it 
probably had to come by floating ice, round Tornain Hill, by valley 
between Tornain Hill and the Crow Hills. 

(4) In channel of River Almond, below Kirkliston, a boulder of 
Old Red Sandstone conglomerate, 54 x 44 x 4 feet ; nearest rock for 
which, is at Callander, about 40 miles to N.W., with several 
valleys and ranges of hills between. 

(5) At Ratho Railway Station, rocks smoothed and striated on 
west sides, the direction of the striz — W.N.W. (Seventh 
Report, pp. 23, 24). 

2. Kirkliston.—The remarkable stone known to archeologists as 
the “ Catstone,” bearing a very ancient Latin inscription, which the 
late Sir James Y. Simpson deciphered, is described by him as “a 
massive unhewn block of secondary greenstone, many large boulders 
of which lie in the bed of the neighbouring river.” The block is 
7 feet 3 inches in length and 12 feet in circumference (Proc. of 
Society of Scotch Antiquaries, vol, iv. p. 122). 


MIDLOTHIAN OR EDINBURGHSHIRE. ~ 


1. Pentland Hills.—The late Charles Maclaren was the first 
who described ee boulderson these hills. The one of most interest 
is of mica slate, weighing 8 or 10 tons. The nearest spot from 


which it could have come is at or near Loch Vennacher or Loch 
Earn, about 80 miles to the N.W. | 


- With reference to the transport of this boulder, Mr Maclaren 


says:—“ To reach the spot where it lies, it must have passed over 
extensive tracts of country from 500 to 600 feet lower than this 
spot. Even were all Scotland converted into a mer de glace, like 
Greenland, no moving mass in the shape of a glacier could carry this 
boulder (and there are many such) from its native seat in Perthshire 
or Argyleshire to Habbie’s Howe. An iceberg from the North or 
West Highlands, and floating in a sea 1500 or 2000 feet above the 
present level of the Atlantic, is an agent capable of effecting the 
transportation of the stone, and offers, I think, th@only conceivable 
solution of the problem” (din. New Phil. Journal, 1846, p. 138). 


Referring to this boulder, and to another, also of mica slate, on the 


Pentlands, weighing about three quarters of a ton, the late Professor 
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Nicol remarked :—‘ When it is considered that these masses must 
have been carried upwards of 40 miles in a direct line, floating ice 
seems the only agent to which their transportation can be ascribed ” 
(Lond. Geol. Soc. Journal, vol. v. p. 23). He adds:—“ Some of these 
Pentland Hill boulders are of kinds of rock which I have never seen 
in Scotland. On one hill, 1500 to 1600 feet high, I found these 
travelled stones particularly abundant, and apparently increasing in — 
number from below upwards. In some places they appeared to form 
broad bands, running nearly in straight lines from N.N LW. ‘to 
S.S.E.,—and without any reference to the present declivity of the 
ground,—except becoming more numerous towards the summit of 
the ridge” (Siath Report, p. 26). : 

A number of rock surfaces occur on the Pentlands with striz. 
Mr James Croll, of the Scotch Geological Survey, describes one of 
these on the very summit of Allermuir Hill, at a height of 1617 feet 
above the sea. On examining the strie he says he had no “ diffi- 
culty in determining that the ice which effected them came from 
the west. On the summit of the hills we found patches of boulder 


~ clay in hollow basins of the rock. Of one hundred pebbles collected 


from the clay, every one, with the exception of three or four com- — 
posed of hard quartz, presented a flattened and ice-worn surface, 


and forty-four were distinctly stratified. A number of these stones 


must have come from the Highlands to the N.W.” (fifth Report, 
p. 82). 

In like manner, Professor Geikie, in his interesting Memoir on the 
Geology of the Neighbourhood of Edinburgh, observes that “ boulder 
clay lies along the N. W. flanks of the Pentlands, rising to a level of 
at least 1300 feet. "When the clay has been removed, we usually 
find the rocks below polished, grooved, and scratched, in a direction 


nearly E. and W. or E.S.E. and W.S.W. The parallelism of the 


striations throughout the present district shows that the floating ice 
must have moved in a pretty uniform direction; and that it was 
from the west, is rendered clear, by the striation of the western 
faces of the hills, by the great depth of drift on their eastern sides, © 
and by the fact that the transported boulders, when traceable to 
their parent rock, have been carried from W. to E. The drift in 


this district indicates a period of slow submergence, which went 


on until probably every hill had sunk far below the sea-level, and 
when ice-borne blocks from the snow-covered islets of Isla or the 
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Grampians, were dropped on the submarine slopes of the Pent- 
lands” (Memoir No. 33, p. 127) (Fifth Report, p. 18). 

2, Edinburgh and Suburbs.—The late Charles Maclaren, in his 
Geology of Fife and the Lothians, published in 1838, refers to 
boulders which he found on or near Arthur’s Seat, the Castle Hill, 

and Calton Hill. | | 
On Arthur's Seat, about twenty or thirty boulders are specified 
up to 30 tons, most of which he identified with rocks situated to 
the west of the boulders. Others (of sandstone) he found at 
much higher levels than any sandstone rocks now on the adjoining 
hills (p. 64, 2nd edition). 

To the east of the Castle Hill, numerous boulders are mentioned 
as having been found to the eastward, which are with good reason 
referred to the Castle rock; but other boulders are mentioned 
(p. 91) as having been found on the west side of the Castle rock, 
which must be referred to some more distant locality. 

It is right for Convener to notice a Conglomerate boulder standing 
on a stone pillar in the public gardens at the foot of the Castle rock. 
It was brought there as an ornament to the gardens by Mr Henderson, ~ 
nurseryman, who had heen entrusted by the magistrates with the ar- 
rangement of the gardens. He had found it in his own Nursery Gar- 
dens, Leith Walk. Itis probablya true erratic, hailing from Callander. 

On the Calton Hill, boulders are mentioned by Mr Maclaren 
as found there, “of the very peculiar syenitic greenstone of Cor- 
storphine Hill” (p. 72). 

In the year 1847,* a new road (at the expense of Government), 
was made round Arthur’s Seat, which required an excavation to be 
made on the S.W. side of the hill, between the main body of the 
hill and an outlying knoll known on account of its basaltic 
columns as ‘‘ Sampson’s vibs,” at height of 390 feet above the sea. 

The hollow between the hill and the knoll was excavated to a 
depth of 20 or 30 feet, in order to lessen the steepness of the 
road. Thereby a trough or gully, with rocky sides sloping steeply 
towards the axis of the gully, was disclosed. The axis of the 
trough was about N.W. and S8.E.; its length about 120 yards; 
its width at the narrowest part where the road was made, about 
10 yards. As the rocky sides of the gully sloped down towards the 


_ * The particulars here given will be found in a paper by the Convener 
published in the New Edinburgh Philosophical Journal for January 1847 
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axis, these sides would probably meet below ; but the excavation 
for the road did not reach that point. The gully had been filled 
with till, and contained numerous boulders,—almost all of which 
were found to be different from any of the rocks on Arthur’s Seat, 
viz., felspar, greenstone, porphyry, limestone (both lacustrine 
and marine), quartz, greywacke, with fragments of shale and 

Many of these blocks were found in contact with both sides of © 
the gully. The largest blocks were near the north end. The 
large blocks were well rounded; the small blocks less so. One 
large boulder on the west side of the gully appeared to have been 
pressed against the rock there, and had stuck in that position, 
being rounded and also partially striated on its N.E. side,— 
an indication of the friction it had undergone, by materials 
forced through the gully from a N.W. direction. 

The gully was not throughout of equal breadth ; at its narrowest 
point, the sides (when the boulder clay and drift were cleared away) 
were found at one place to be about 15 feet nearer one another 
than elsewhere. The rocks on the east side had been ground 
down, smoothed, and striated, some of the strize being continuous 
for nearly 6 feet, and 4 of an inch deep. 

Generally, the strie were horizontal; but at and near the 
narrowest part of the gully the striz were seen to rise up at an 
angle of 4° or 5°;—caused probably by the obstruction to the 
drift when being forced through the gully. __ 

One peculiarity in the striations deserves notice, as showing 
the direction from which the striating agent moved. The striz 
were most numerous and deepest on the east side, suggesting that 
the striating agent had moved in a direction from a more westerly 
point than N.W. The rock surfaces facing the S. and 8. W. were 
neither striated nor smoothed. 

There is another spot, on the south side of Arthur’s Seat, worthy 
of notice, on account of the boulders there, and the position occupied 
by them. It is on the west side of Windy Gowl. When the 
new road was being made there, a thick bed of clay and sand, in 
stratified layers, was exposed to view. In this bed, many blocks 
from the overhanging rocks of the hill were found embedded. The 
bed of sand and clay had been formed round these boulders, showing 
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that after they fell sedimentary matter brought by water had 
been deposited. The largest of the blocks was reund und smooth 
on its west side, rough and angular on its east side Besides the 
blocks of stone, which were of the same nature as the rocks of 
Arthur’s Seat, there were in this bed of sand and clay blocks foreign 
to Arthur’s Seat (brought from the west probably), viz., red compact 
felspar, red syenitic porphyry, marine limestone, and clay iron- 
stone. | 

At Easter Duddingstone the excavations for the North British 
Railway exposed a numhber of large boulders embedded in the stiff 
blue till, Two of the boulders were of Old Red Sandstone Con- 
glomerate—one an old porphyry, one a black basalt—rocks not 
existing in the immediate neighbourhood, but belonging to localities 
in the far west. Most of them were on their upper surfaces flat, 
smooth, and striated, the striae running in directions varying 
between N.W. and W.N.W. 

At the sea-shore, between Joppa and Magdalen Bridge, the Con- 
vener examined many large boulders sticking in the blue till, most 
of them flattened on their upper surfaces with strie pointing 
N.N.W. Several presented smoothings and furrows on their west 
sides, none on their east sides. One of the boulders presented two 
sets of strie—one running N.N.W., the other running W. by S., 
the former partly obliterated by the latter, which therefore must 
have been the more recent. 

3. Dalmahoy.—Two boulders, one 13x10x6 feet, and the 
other 10x 8x 5 feet, lie at the side of the Water of Leith. The 
longer axis of both is E. and W. Both were covered with striae 
also running E. and W. (Sixth Report, p. 27). 

4. Craiglockhart.—Excavations were made in boulder clay for a 
hydropathic establishment. A number of boulders were seen by 
Convener in their original undisturbed positions. There were several _ 
of sandstone. The contractor for the building, having his attention — 
drawn to these by the Convener, was asked if he knew any locality 
where there was sandstone rock of the same variety? He said that 
the sandstone rock quarried extensively at Hailes and at Redhall was 
exactly the same. On being asked to indicate the situation of these 
quarries, he pointed in a direction N.W. (by compass), distant about 
a mile. | 
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5. Tynecastle, in west suburbs of Edinburgh.—A_ basaltic 
boulder examined by Convener and Mr Stevenson, C.E., 44x 4 x 2 
feet, buried in a knoll of muddy sand, discovered on removal of the 
knoll, The sand contained numerous pebbles of all kinds, hard 
and soft, such as quartz, shale, coal. Height above sea 200 feet. 
Sides of boulder well rounded. Smallest end of boulder pointed 
westward. Both upper and under sides of boulder striated. Strise 
more deeply cut on under than on upper surface. The striz on 
- under surface showed they had begun to be formed at east end of 
boulder, probably by the boulder having been pushed towards east, 
over hard rocks. The strie on upper surface showed that the 
tools which formed them had acted on the boulder first at west end. 

6. Granton.—The sandstone rocks at the Old Quarry near the 
sea were covered by boulder clay, which had embedded in it many 
blocks derived from Linlithgow and Stirling shires. The strie on 
their upper surfaces all run E. and W., viz.,.a direction parallel 
with the general axis of the Firth of Forth (Edin. N ew Phil. 
Journal for January 1847). 

At Granton Harbour, on the west side of, at the shore, there : are 
two large whinstone boulders, with striz on their upper surfaces, 
the direction of which is W. 3° S. (magnetic). 

7. Leith Docks.—In new Albert Docks excavations were made 
in the boulder clay, in course of which a number of large boulders — 
were found, 

They consisted mostly of blue whinstone, also some of quartz, 
limestone, greywacke, sandstone, and black ironstone concretions 
derived from beds of coal and shale. On most of the boulders 
there were smoothed surfaces and strie#, bearing nearly the same 
direction, viz., points between W. and N. | 

Among these there were two metallic boulders, which, Mevieg a 
strange appearance, were brought to the Convener by the Inspector 
of Works ; and to Professor Crum Brown (of Edinburgh University), 
the Convener submitted them for examination. One, nearly spheri- 
cal, measuring 74 inches in circumference, and weighing 26 oz., had 
been found about 44 feet down in the clay bed, among the general 
mass of boulders. The other, more exactly spherical, measured in 
girth 30 inches one way and 31 inches transversely, and weighed 
54 lbs, It was found 10 feet below the top of the boulder clay bed. 
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Professor Crum Brown having analysed both balls, reported. the 
largest to have a specific gravity of 3°36, and to be composed of 
silica 52°3 per cent. and of pyrites 47:7 per cent. The smallest had 
a specific gravity of 4°63, and was found to consist of the pure ore 
of white iron pyrites or marcasite, unmixed with any other sub- 
stance. | 

Mr Murray, of the “Challenger” Expedition, having kindly under- 
taken to examine the larger ball, reported that » microscopic ex- 
amination revealed that it consisted “of crystalline particles of 
quartz and marcasite. The marcasite fills the interstices between 
the grains of quartz; and among the quartz there are pieces of 
mica.” | 
Mr Charles Peach at the same time informed the Convener 
that in several districts to the west (viz., Falkirk, Slamannan, and 
Kilsyth) there are beds of shale and coal, containing ironstone 
nodules, known among the miners as “ brassy balls,” some of which 
contain marcasite. He added that “the direction of the str@ and 
carry of the boulders in this (the Kilsyth) district is E. or E. 5° N. 
Either of these sources (he remarked) could supply “balls” at Leith, 
as they are right in the direction of the “ice-flow” (Fourth Report, 
p. 29). | 
In consequence of the foregoing information, the Convener went 
to Campsie (about 8 miles N.E. from Glasgow), and in the work- 
ings of coal and shale there he obtained several ironstone balls, 
which, on being submitted to Professor Crum Brown, he reported 
contained almost exactly the same constituents as the specimens 
found at Leith, He added, that “deducting the coaly matter, 
the iron and sulphur were in the proportion in which they are 
_ generally found in marcasite, viz., iron 45°6, and sulphur 54:8. 
As to chemical compositions, therefore, the small metallic boulder 
may be considered as exactly agreeing with the nodules found in 
the Campsie coal strata.” 

With regard to the larger ball, not so purely metallic, Mr Hutchi- 
son of Carlowrie having accidentally seen in the Convener’s house, 
Edinburgh, the specimen excavated from the Leith boulder clay, 
informed the Convener that balls of the same appearance, and much 
larger, were found in sandstone rocks quarried at Dalmeny and 
Humbie. The Convener thereupon visited these quarries, and 
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saw several specimens of such balls, apparently concretions in 
the rock. Having brought one or two specimens to Edinburgh, he 
submitted them to Professor Crum Brown, who reported that they 
“consist externally of a thin shell of sandstone, and internally of a 
mixture of quartz and marcasite, closely resembling the substance of 
the large ball from Leith. The mean specific gravity of the ball 
was 3°49,” 

These facts regarding the two metallic boulders found in the Leith 
boulder clay, therefore afford strong presumptive evidence that they 
had been transported across Scotland, along with other es 
whose parent rocks occur also in the west. 

As to the mode of transport, Mr Peach, in his letter to the Con- 
vener (printed on p. 29 of Fourth Boulder Report), whilst allowing 
that the balls might have come from Kilsyth or Slamannan, in con- 
-formity with the general “ direction of the strie and carry of the 
boulders in this district,” viz., E., or E. 5° N., suggested “zce-flow” 
as the medium of transport, but without explaining whether he 
meant sea ice or land ice. 

With reference to this question, it is i sla to keep in view that 
the Campsie district, from which the metallic boulders are assumed to 
have come, is only 150 feet above the present sea-level ; and that, 
as this district is about 30 miles distant from Leith, the gradient 
would not be sufficient for the movement of a glacier, even if there 
had been mountains at or near Campsie sufiicientty high to have 
generated a glacier.* | 

8. Alnwick Hill, near Liberton.—Excavations having been made 
in the boulder clay here, for the formation of large water reservoirs, 
- innumerable boulders were excavated. They were chiefly whin- 
stones, felspar, porphyries, limestones, and Old Red Sandstone—all 
most probably from the N. W. 

Some of these boulders showed strie both on the under and the 
upper sides, the direction of which was oe N.W. (Four th 
Report, p. 29). 

Inchkeith.—The Convener visited the island, under the guidance 
of Colonel Muggridge, R.E., and found that the rocks consist chiefly 
of basalt and porphyry, intruding among coal strata. In various 


* A small map of district, given afterwards in reference to Stirlingshire 
boulders, may here be referred to. 
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places, the rocks were covered by beds of boulder-clay, gravel, and 
occasionally sand. 

The Inspector of Works informed the Convener, that at the east 
end of the island, when removing a bed of shingle (about 60 feet 
above the sea), he had picked up out of the shingle two pebbles of 
red granite, about the size of a hen’s egg. Thinking it curious to 
find granite there, he had laid them aside, but could not now 
find them. | 

The Convener, having been informed that there was a shingiy 
beach at the N.W. end of the island, descended to it, and found 
large pebbles of granite (both red and grey), gneiss, quartz, and hard 
Silurian rocks. 

On the highest part of the island (west of the Lighthouse) at 182 
feet above the sea, the rocks on portions of the hill facing the N. W. 
have been planed down to even surfaces by some agency from the 
W. No striz were distinguishable (Sixth Report, p. 26). 


MORAYSHIRE. 


Dyke.—Near west end of approach to Darnaway Castle several 
boulders of granite and gneiss, from 2 to 3 tons each. 

Forres.—Conglomerate boulder, 94 x 8 x 8 feet, weighing about 44 
tons. It is situated on hill side fronting Cromarty, which bears 
N.W. by N., from whence boulders are supposed to have come 
across the Moray Firth. 

Convener heard of another boulder of same description in a higher - 
part of the hill, to the eastward. - 

Elgin.—Boulder called “ Carlin’s Stone,” on Bogton Farm, about 
230 feet above sca; a coarse Conglomerate. About half a mile to 
N. W. a smaller Conglomerate boulder, called “‘ Young Carlin’s Stone” 
(First Report, p. 31, and Second Report, p. 152). 

_ There are no Conglomerate rocks in the low-lying districts, where 
these boulders are situated. ‘Wherever they have come from, they 
must have been carried. 

Conglomerate rocks exist in the bills to the south, distant 5 or 6 
miles. Convener was informed by Mr Martin, teacher, Elgin (well 
acquainted with the rocks of the district), that the Conglomerate for- — 
mations in the hills are, in mineralogical composition, distinguishable 
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from the Conglomerate boulders in the counties of Moray, Nairn, 
and Banff. Two other sources were considered by him more pro- 
bable—Cromarty to the N.W., and the hills near the east end of 
the Caledonian Canal. 

Throughout the county there are hundreds of rounded boulders 
of granite, gneiss, and mica slate, whose shape suggests that they 
have been pushed or rolled over the surface. These are chiefly em- 
bedded in gravel, clay, and sand. 

Pluscardine Hull has had lodged on its north slope a number of 
boulders which have apparently come from N.W. There is a 
gneiss boulder, 13 x 8 x 6 feet, about 46 tons, called “Chapel Stone,” 
situated to west of Pluscardine Chapel; also a Syenite boulder, 
12x8x3 feet, about 13 tons. The rocks in situ here are Old 
Red Sandstone. 

Carden Hill forms a rocky sandstone range running about E. and W. 
Between it and Pluscardine Hill, there is a shallow valley, through 
which boulders may have been rafted to their present sites in an 
easterly direction. Thetwo Carlin Stones might have come that way. 

The rocks along ridge of Carden Hill, have been ground down by 

some agent which has passed over it from N.W. Many boulders of 
granite and gneiss lie on the ridge, most of which have longer axis 
N.W. by W. Some lie along ridge, on its northern edge, apparently 
stopped there in their farther progress ; others lie on south side of 
ridge, as if pushed over it, and placed beyond reach of transporting 
agent. | 
Blocks of the Carden Hill sandstone rock are also there, as if 
broken off the ridge by the agent which passed over from north. The 
ridge of Carden Hill extends for about a mile, and is at a height of 
400 feet above sea. 

Many smoothed and striated surfaces are visible, the direction of 
the stris having been observed at different places as follows :—W. 
by N.; W.N.W.; N.W. by W., and N.W. The most frequent 
direction was N.W. At one spot, striae observed N. by E., and 
crossing the N.W. striz ; the forming appearing, therefore, to have 
been first formed (Second Report, p. 154). 

Quarrywood Hill, about 200 feet above the sea, composed of 
sandstone rocks. On N.W. slope there are four or five large Con- 
glomerate boulders, about 140 feet above sea-level. 
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Burgh-head.—Rev. Dr Gordon of Birnie conducted Convener to 
Clarkeley Hill, on which several granite and gneiss boulders were 
found lying on slope of hill. One has its longer axis N.W. and 
S.E. Several others showed sf in same direction. | | 

On Roseile estate here, “ Hare” or “ Witch Stone,” a Conglome- | 
rate boulder 21 x 14 x 4 feet, with longer axis N. W. 

Inverugie Lime Quarries.—-Limestone rocks striated in an E. and 
W. direction. In boulder clay here, boulders of oolite found, 
which must have come from Ross or Sutherland shires. 

Duffus Public School.—Convener had shown to him portion of 
an oolite boulder found here, 125 feet above sea. | 

“© Witch Stone,” a large Conglomerate boulder, at 250 feet above 
sea, on hill-side sloping down to N.W. It is exactly similar to 
‘¢ Carlin’s Stone,” in respect of nodules of granite, gneiss, or purple- 
coloured quartz contained in it. Its longer axis is N.W. and S.E. 
It lies on a thick bed of sand. 7 

Lossiemouth.—About 14 mile west of Covesea lighthouse, a large 
boulder of silicated sandstone, on a hill sloping to N.W., with striae 
on boulder running N.W. and S.E. 

On old sea margin, 20 feet above present sea-level, a Cait 
boulder, same in composition as Carlin Stone. 

New Spynie.—Four Conglomerate boulders, lying on Old Red 
Sandstone rocks. 

Llanbryde, St Andrews,—Gneiss boulder Grey Stone,” 
15x9x7 feet, about 70 tons, lying in bed of old Spynie Loch. 

Rothes.—Convener informed by Mr Martin, teacher, of six 
hornblende boulders, lying on gneiss rocks (Fist Report, p. 31). 

Between Forres and Nairn there are extensive beds of sand and 
_ gravel, mostly in stratified beds, and containing boulders almost 


always rounded. The angular boulders are vs on the surface, 
not so embedded. 


NAIRNSHIRE. 


Croy.—" Tom Riach,” boulder of Conglomerate.—See Inverness 
county, under head of “Inverness and Croy” (First Report, p. 43) 
(Lithograph No. 35, Plate X.). 

Cawdor.—On hill of Urchany, composed of granite, at levels above 
sea, of from 300 to 700 feet, four immense Conglomerate boulders 
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with popular names, described in First Report, p. 42 (Lithograph No. 
34, Plate X.). There are granite rocks in hills to south, on which 
blocks of Old Red Sandstone lie, and in such quantities that they are 
gathered for the building of walls. These blocks probably came from 
the north, where there are rocks of the same kind (First Report, p. 
42, and Second Report, p. 166) (Lithograph No. 36, Plate X.). 

On ‘ Piper’s Hill,” where rocks are Old Red Sandstone, a Con- 
glomerate boulder, weighing about 10 tons, lies on the N.W. side of 
a gravel kaim. These Conglomerate boulders are all mineralogically 
similar, being composed of quartz, limestone, syenite, felspar, and 
other hard angular pebbles. Most of them are partly buried in sandy 
drift. The district on which they lie slopes down towards N.W., 
and is about 200 feet above sea, from which distant about a mile. _ 

The longer axis of these boulders is chiefly N.W., and on that 
side they present smooth surfaces, whilst east side is rough and 


angular (see Diagram 8 in Second Report, and P. 166, and also” 


First Report, p. 42). 
Captain White of Ordnance Survey informed Convener that, 
having tried to find out where these boulders came from, he was of 
opinion that they had come from Ross-shire. 

He reported also having met with granite boulders (both red and 
grey varieties)—the largest 12 x 84x 8 feet, and with a axis 
N.W. 

A kaim of gravel and sand, with steep sides, runs on an average 
E. and W. through parish, but occasionally deviates slightly from 
this direction. Its average height above adjoining district is 30 
feet (Second Report, p. 166). 

Ardclach.—In Bog of Fortnightly, about 5 miles distant from 


the sea, and about 270 feet above it, a Conglomerate boulder with | 


five sides, having girth of 51 feet, and 9 feet above ground. The 


block is scarcely rounded at its edges and corners, and therefore has — 


probably been carried, not pushed, rolled, or thrown down, but 

planted gently on its site. It is smoothest on N.W. side, roughest 

on §.E. It is surrounded by hills on every side except towards 

N.W. (First Report, p. 42). 

Kinsteary (about 2 miles of N airn), —A peculiar flesh- 
coloured fine-grained granite rock is worked, blocks of which are 


stated by Mr Jolly of Inverness to have been transported eastwards 
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beyond Forres,—gradually lessening in size and numbers, reaching 
to Elgin, Lossiemouth, and even farther east. Pieces also occur on 
the shores of Loch Spynie (Fifth Report, pp. 74, 75). 

Mr Wallace of Inverness mentions having found a specimen of 
this Kinsteary granite beside Buckie harbour, about 20 miles 
east of Lossiemouth (Sixth Report, p. 49), and he has seen many 
smaller specimens in the fields. Neither rock nor boulders of this © 
peculiar granite have been found west of Nairn. 


NORTHUMBERLAND. 


In Chillingham Park (Earl Tankerville’s seat), between Wooler 
and Alnwick, there is a large boulder of red porphyry, besides 
several small boulders of granite. The rocks there in situ are 
Carboniferous sandstones and limestones. The nearest localities 
for porphyry and granite are the Cheviot Hills, about 8 miles to 
W.N.W., which reach a height of 1800 feet above sea. Many 
ridges and valleys lie in the intervening district (Fourth Report, | 
p. 34, and Edin, ms Soc. Trans., vol. xvii. P. 35). 


ORKNEY. 


Eday.—Conglomerate boulder, about 8 tons, situated near top of 
hill, about 250 feet above sea, called “ Giant's Stone.” Legend as to 
it having been thrown from island of Stronsay, where there are said 
to be Conglomerate rocks, of which none in sae Longer axis’ 
points and N.E. | 

Patrick Neill, in his Orkney, Visit to, at p. 38, refers to ‘the 
great Stone of Eday,” as “a huge flag rising about 16 feet upright 
in the midst of a moor.” 

Frith and Stennis.—Peebles of white sandstone lie on the hills, 
Rocks of island are all red sandstone. 

Sanday.—Gneiss boulder about 14 tons. Rocks of island are 
Old Red Sandstone. At Stromness, 30 miles to S.W., gneiss rocks 
occur zim situ. A legend that the boulder was thrown by a giant 
from Shetland (First Report, pp. 10, 44). | 

The late Dr Patrick Neill states that, if this boulder came 
from Stromness, it would have to cross several arms of the sea 
in a distance of 34 miles, from W. S.W. (First Report, p. 44, and 
Second p. 167). 
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Stromness.—Two granite boulders lie on Old Red Sandstone, near 
Manse. Range of granite hills 6 miles _ situated to eastward 
(Second Report, p. 169). 

Walls (in south end of group).—Lydian stone boulder, weight 
about 28 tons. Large numbers of granite boulders scattered over 
- hills, The valleys show (in opinion of reporter, James Russell, 
teacher) both glacier and iceberg agency (F%7'st Report, p. 44). 

In a paper on the “Glaciation of the Orkneys,” by Messrs Peach 
and Horne of the Government Scotch Geological Survey (London 
Geological Society’s Journal for November 1880), it is said that 
“boulders do not occur very plentifully.” The only island in which 
boulders are mentioned as seen by them, is Westra, where “ blocks 
of granite and quartzite are on the slopes of Cleat Hill; and rounded 
boulders of red sandstone from Eda occur in the southern district, as 
well as along the western shores.” Messrs Peach and Horne state 
“that the only part of the Orkneys which has granite or other crys- 
talline rocks is at Stromness, where they form a strip about 4 miles 
long by 1 in breadth.” If the Westra boulders came from Strom- 
ness, they must have been transported about 40 miles in a N. or 
N.N.E. direction, across what now is occupied by several groups of 
islands and deep sea sounds. | 

If, on the other theory, the boulders of sandstone on the southern 
and western shores of Westra came from Eda (as suggested in the - 
above passage), they must have been transported about 10 to 12 
miles in a N.W. direction, across what is now a sea sound, in 
some places 25 fathoms deep. 

Messrs Horne and Peach, in the memoir now referred to, re- 
ferring to the beds of red boulder clay in the islands of Eda, 
Sanday, Stromsa, and Shapinshay, mention that in these clay beds 
there are boulders smoothed and striated, most of them “ foreign 
to the islands,” and in many cases, accompanied by “ numerous frag- 
ments of marine shells ;”—“ these fragments being smoothed and 
striated like the stones in the boulder clay,”—“ characteristics, which 
_ (they say) there can be no doubt are due to the very same cause in 
both cases” (pp. 656, 657). | 

North Ronaldshay.—Boulders foreign to the island mentioned 


(Eighth Report, p. 7). 
In Ninth Boulder Report (p. 20) there is a further account of 
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blocks of stone, foreign to the rocks of the island, viz., Conglomerates, 
granite, syenite, chalk, oolite, limestone, and sandstone. 

In Ronaldshay boulder clay, containing these blocks, there are 
fragments of Cyprina Islandica, Astarte, Dentalium, and other 
marine shells. 

The Conglomerate boulders are supposed to have been carried — 
from the adjacent island of Sanday; the blocks of granite and 
syenite from Stromness and Pomona, distant about 45 miles to 
Messrs Horne and Peach (Journ. of Lond. Geol. Soc. for Nov. 
1880) mention that in Stronsa Island (not far from Ronaldshay) © 
there is a bed of clay, 20 to 30 feet thick, containing granite, gneiss, 
oolite, and chalk flints, &c., all foreign to the island, besides frag- 
ments of marine shells, 

Mainland.—Mr Miller of Ben Scarth reports a valley bissecting 
the island, which he thinks was formerly an arm of the sea. 
The lochs of Stennis and Stanay now occupy it. 

No large boulders ; but on north exposures of hills there are 

_ small stones strewed over the surface, quite different from rocks in 
situ. The former are chiefly white freestone ; the rocks Old Red 
Sandstones or flagstones (Second Report, p. 167). 
_ Messrs Peach and Horne express an opinion that all the 
boulders in the Orkneys, as well as in the Shetlands, were carried 
or pushed across the islands by a Scandinavian ice sheet from the 
S.E. | 

Objections to that theory were suggested by the Convener, in 
articles which appeared in the Geological Magazine for 1881, and 
in an address by him to the Edinburgh Geological Society in May 
1881. | 

In addition to the foregoing notes respecting Orkney boulders, 
it is proper to notice the researches of Messrs Peach and Horne. 

In a paper, published in the Journal of the London Geological 
Society for November 1880, it is mentioned, as the result of their. 
survey, “that the islands have been glaciated in one determinate 
direction, independently of their physical features. When we con- 
sider that the glaciated surfaces along the cliff tops, as well as the 
roches moutonnées on the hill-slopes, prove that the zslands must have 
been overflowed by ice, we cannot resist the conclusion that the ice 
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movement during the primary glaciation originated beyond the limits 
of Orkney” (p. 654). 

‘From the manner in which the rock striations maintain their 
N.W. bend, irrespective of the physical features of the country, it is 
evident that the agent which produced them must have acted 
independently of the islands” (p. 660). 


PEEBLESSHIRE. 


Kirkurd.—Three boulders of gneiss or trap, differing from rocks 
of district (First Report, p. 44). 

Newlands,—Remarkable kaims (First Report, p. 44). 

Peebles.— At east end of town boulder of white quartz, 3 x 24 
feet, used to stand in field, to which it gave name of “ White Stone 
Knowe,”—alluded to as a boundary stone in year 1436. | 

Mr Richardson, of Edinburgh Geological Society, who was the first 
to take public notice of the boulder, states that “the nearest beds 
of quartz are about 80 miles to the N.W.” Height above sea 550 
feet (Fourth Report, p. 31). 

The late Professor Nicol refers “to boulders of gneiss, granite, 
and mica slate in Peeblesshire, which belong to rocks unknown 
in the hills of that county;”—and adds, “they seem to require 
for their transport more powerful agents than mere currents of 
running water” (Siath Report, p. 28). 


PERTHSHIRE. 


Aberfeldy.—(1) On north of Tullypowrie village considerable 
numbers of schist boulders—rocks in setu being clay state. Boulders 
well rounded, as if rolled. One of them called “* Clach Chin’uin,” 
or “ Stone of Doom” (First Report, p. 45). 

(2) Two miles N. of Tullypowrie, two very large boulders of 
mica slate at about 1500 feet above sea, shown to Convener by Mr 
M‘Naughton, merchant. 

They rest apparently on drift. Cubical in form. One found to 
be 71 feet in girth, and 17 feet high, weighing about 600 tons. 
Surrounded by hills on north and west, which overtop boulders by 
about 700 feet. But N.W. from boulders there is a depression in hills, 
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summit level of which only about 200 feet above boulders. Through 
this gap boulders may have come; but boulders are so cubical and 
sharp in angles that they must have been very gently lodged in 
present position. If they had fallen from any height they would — 
have been fractured. These boulders have popular name of 
“ Clachan M‘had,” or “‘ Stones of the Fox” (First Report, p. 45). 

(3) Above Pitnacree House, schist boulder resembling hypers-— 
thene, 15 x 114 x 4, differing from all rocks near it, called ‘ Clach 
Odhar,” or Dun Stone” ® | 

Auchtergaven.—Granite boulder, 10 x 8 x 3 fect, weighing about 8 
tons, about 200 feet above sea, called “ Deil’s Stane.” Longer 
axis N.E. Numerous cup markings on it. Supposed to have come 
from hills 30 miles to north. 

Aberfoyle.—Arndrum Hill is a ridge of es Conglomerate rocks 
which cross Scotland from Dumbarton by Callander in an E.N.E, 
direction. On this ridge near Aberfoyle (230 feet above sea) there 
are six boulders of greywacke, forming a line bearing N. and 8.— 
each about 3 cubic yards in size, and from 2 to 20 feet apart from 
each other. To the west of this line of boulders, four other similar 
boulders lie along the ridge, stretching to nearly top of hill, viz, 
to 454 feet above sea (Ninth Report, p. 16). 

Blairgowrie.—Seven boulders of granite and mica schist, about 
200 feet above sea. No rocks of same kind nearer than Braemar 
range of hills, about 30 miles to N.W. | 

Callanderv.—Gneiss boulder on top of Bochastle Hill, called ““Sam- 
son’s Putting Stone,” resting on Conglomerate rocks. Longer axis 
‘N.E. Ina very unstable position, being close to edge of a precipice. 
facing W.S.W., and about 330 feet above valley. About 50 feet 
below the above boulder there is another gneiss boulder, lying on a 
very steep slope of the same hill, facing westward,—from which 
quarter it must also have probably come (First Report, p. 46, and 
Second Report, p. 169) (Lithograph No. 37, Plate X.). 

Clunie.—Several boulders on tops of knolls. They probably 
have come from Grampians, which lie to N.W. (Second Report, 

Crief.—Two large one called Witches’ Stone,” 
and two of granite, one called “Cradle Stone,” lying on the 
“ Knock” Hill (First Report, p. 467). 
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Doune (near Kilbride).—A large Conglomerate boulder, weighing 
about 900. tons (First Report, p. 46). 

The nearest Conglomerate rocks in situ are W.N.W. from boulder, 
and distant about 7 miles. The boulder in shape is angular. It lies 
on gravel. The boulder must have been carried to its site (Zstuary 
of the Forth, p. 41). 

Dunblane.—Gneiss boulder on Cromlix estate, about 4 miles 
south of Grampians, 17 x 10x 5 feet. Longer axis §.W. and N.E. 
In Redgorton parish, four boulders (at west end of gravel ridge) 


reported to be Silurians ; distant from Grampians 12 miles (Third 


Report, p. 5). 

Dunkeld.—On Craigiebarns Hill, to N.E. of town, mica schist 
boulders, lying chiefly on knolls and other exposed surfaces which 
face N.W. at a height of about 1000 feet above River Tay. : 

On this hill, rocks smoothed and striated, by some agency which 
evidently passed over them irom N.N.W. 

The directions of the strie at lower levels correspond more with 
axis of valley, which is about N.E. 

The highest striations seem to indicate an agent which passed 
obliquely across the valley (Second Report, pp. 170, 171). 

Fortingall.—Gneiss boulder, 24 x 16 x 13 feet, called “ Clach an 
Salaine.” Height above sea, 2500 feet. Longer axis N.W. Com- 
posed of six or seven large fragments, weighing about 300 tons. 
Rests on coarse gritty sand. Rocks zn sztw clay slate. About 500 
feet below boulder, thick beds of clay, sand, and gravel, denoting 
aqueous agency (First Report, p. 46, and Second Report, p. 172). 

Fowlis.—Several granite boulders near Abercairney, lying on Old 
Red Sandstone. Have come most probably from N.W., in which 
‘direction, at a distance of about 20 miles, there are granite rocks. 
Supposed to have been used as places of worship and sepulture in 
ancient times (First Report, p. 47, and Second Report, p. 171). 

Killiecrankie.—A large angular limestone boulder, half a mile 
north of Tenandry Manse ;—helieved to have come from Ben-y- 
Gloe, or some other mountain adjoining to the north. 

On Fascally estate, immense beds of stratified gravel and sand 
(filling the valley, and cut through by mountain torrents), traced 
by Convener up to height of 1570 feet above sea. He was told 
by Rev. Mr Grant of Tenandry of there being similar beds at 
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a still higher level on Ben-y-Gloe. Boulders of granite, gneiss, 
quartz, porphyry seen by Convener in the Fascally drift-beds 
(Second Report, p. 172). 

Killin.—On hill to west, about 1350 feet above Loch Tay, 
thick beds of gravel and sand; and therefore about 1650 feet above 
sea (Second Report, p. 173). 
| On M orenish, east of Killin, and about 1100 feet above Loch 

Tay, several large boulders (Fourth Report, p. 31), of which sketch 
given. These, as shown by positions, have all come from westward. 

Kilspindie.—Seven granite boulders, from 5 to 6 tons weight. 
Five form a line, having a N.W. direction, all differing from the 
adjoining rocks (First Report, p. 47). | 

Kirkmichael.—Rocking Stone, 7x 5x24 feet, and several tall 
boulders near it, called “ Clachan Sleuchdaidh,” or “ Stones of 
Worship” (First Report, p. 47). 

Logie Almond.—A whinstone boulder called * Ker Stone,” about 
48 tons in weight, on north bank of River Almond, near a bog ; ; 
“ Carr” being Gaelic for “ Bog. “ 

There is another boulder, a Conglomerate, resting on Old Red 
Sandstone, called “ Cul na Cloich,” or “ Stone Nook.” A stream 
forms a nook or angle with the drum or ridge, on a which boulder | 
stands. 

Another boulder on Risk Farm p. 47). 

Glen Dochart.—The axis of valley is about E. and W. On its 
slopes facing the north, and near bottom, there are many large 
boulders of granite, which may have come from Ben Cruachan. 
They occur also on the ridges, on south side of valley ;—some so 
placed as to show transport from westward. 

At height of 1250 feet above sea, a vertical rock, well smoothed, 
with horizontal groovings on its west and north sides, indicative of 
some agent which has pressed severely on it in passing from west- 
ward (Fourth Report, p. 32) (Lithograph No. 38, Plate X.). 

Schehallion Mountain (top of, 3560 feet above sea).—Gravel beds 
indicative of aqueous action, seen by Convener, up to about 3000 
feet, to which height small blocks of a fine-grained grey granite 
seen. Side of hill with smoothest rock surfaces looks N.W. by W. 
No striz seen (Second Report, p. 173). 

Mr Jamiéson of Ellon states (Quart. Journ. Lond. Geol. Soe. for 
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1865, p. 165) that Schehallion is. marked on top, as well as on its 
flanks, by traces of ice passing over it from the north. 

He further states, that along the north slopes of the great ridge 
of mica slate, stretching from Schehallion in an E. and W. direction 
for 10 miles, he saw many boulders of granite and porphyry, at — 
heights exceeding 2000 feet, above the sea ;—the one at the highest 
elevation, being a granite boulder, at an elevation of 2370 feet. On 
the ridge where these boulders lie there are no granite or porphyry 
rocks ; but such rocks do occur to the northward (as in Glen Tilt), 

where, therefore, probably is the source from which the boulders 
~ came (Seventh Report, p. 40). 

On the Perthshire Hills, between Blair Athole and Dunkeld, Mr 
Jamieson found ice-worn surfaces of rock on the tops of hills, at 
elevations of 2200 feet, as if caused by ice pressing over them from 
the N.W. ;—and transported boulders at even greater heights. 

On the highest watersheds of the Ochils, at altitudes of about 
2000 feet, Mr Jamieson found pieces of mica schist full of garnets, 
which seemed to him. to have come from the Grampian Hills to the 
N.W., showing that the transporting agent had overflowed the 
Ochil range (Seventh Report, p. 42). 

Pitlochry.—On road to Straloch, a mica slate boulder, about 8 
tons weight, ealled “@ledstone,” about 1800 feet above sea, lying 
on gravel drift ; adjoining rocks are clay slate. Legend that this 
boulder gave name to Gladstone family, an infant having been 
found at boulder by shepherd, who took it to his wife to be nursed. 

Near parish church of Straloch, “ Clach. Mhor” (Great Stone), a 
boulder of coarse granite, about 24 x 20 feet, and weighing about 
800 tons. Many other boulders of mica slate and quartzite beside 
it. Supposed to have come from the north, through a valley 
there. Adjacent rocks, clay slate (First Report, p. 47). 

Lutb.—Large boulders lying in a line along ridge and top of 
Beinn nan Clach. One, much rounded, on the solid rock of the very 
summit, 2309 feet above sea. Summit rock also much rounded. 
The outerop of the strata on hill-side have been broken off by some 
means (Ninth Report, p. 13, and Lithograph No. 39, Plate X.). 


RENFREWSHIRE. . _ 


Kilbarchan.—A porphyry boulder, 27 x17 x 12 feet, weighing 
VOL. XIL | 
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— about 300 tons, called “ Clach a Druidh” (Stone of Druid). Rocks 
of same kind as boulder in hills to W, and N. about 2 railes 
distant (First Report, p, 48), | 

Paisley. —Mr Jamieson of Elion describes boulders in beds 
of brickworks, Many of these boulders show glacial striw. It 
is common to find Balani sticking on under surface of these 
boulders, Suggested in explanation, that after Balani had grown 
on boulders, the boulders were floated away by ice, and dropped 
on mud where now found. Mr Jamieson adds that “I some- 
times found, on heaving up a boulder, a number of young crushed 
mussel shells beneath it, as if squashed by the fall of the stone.” 
The clay round also occasionally exhibits black stains, as if from 
the decay of sea-weed that had been attached to the stone” (Lond. 
Geol. Soc, Proc., xx. p. 276 (Seventh Report, p. 43), 


Ross aND CROMARTY. 


Glenelg (West Coast),—On right bank of Elg, a grey granite 
boulder 21 x 18 x 10 feet, (280 tons)—its sharp end points N.N.W. 
(Fourth Report, pp. 3, 4), 

Glen Rossdale.—About 8 miles from Glenelg, several iil 
which, on account of positions, seem to have come from the N.W. 
Ordnance surveyors reported several horizontal terraces among the 
hills of this glen, up to 800 feet above sea-level (Fourth Report, p. 49). 

Lochalsh (West Coast).—Gneiss and quartz boulders, Longer axis 
of first, E, and W. ;—of second, N, W. and S.E. (First Report, p. 49). 

Rosskeen.—Granite boulders of large size at Ardross, Newmore, 
Achnacloich (Second Report, p. 175). 

Shieldag (Loch Carron).—Boulder18 x 10 x 10. Longeraxis E. and 
W,; alsoanother. Both in precarious positions (First Report, p. 50). 

Applecross (viz., on West Coast).—Three large boulders, one near 
shore at-Rossel, called ‘“‘ Clach Oiu,” weighing about 60 tons; other 
two about 30 tons each, called respectively ‘ Clach Mhoir” and 
“ Clach Bhan” ;—used as landmarks from the sea. Kaims at 
-Ardbain and Ardrishach, each extending more than 2 miles along 
coast (First Report, p, 48). 

The late Professor Nicol notes that on the tops of the Applecross 
Hills there are boulders of large size, He says that the direction of 
the rock stri# there is 8. 20° W. (true). 

Gairloch (West Coast)—Numerous boulders were found by 
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Convener along coast to north of the Gairloch Hotel, and at all 
heights up to the very summits of the hills, reaching to nearly 
1000 feet abovesea. The late Professor Nicol’s description of these 
boulders is not inappropriate, when he says that these “hills about 
Loch Maree and Gairloch are strewed with innumerable fragments 
of red sandstone, perched, like sentinels, in the most exposed and 
perilous positions, on the very edge of some lofty cliff, or on the 
polished summit of domes of gneiss.” These red sandstone boulders 
belong mostly to what has been termed the Cambrian formation, 
reddish-brown sandstone rocks, which exist along the coast towards 
the north, and partially also in the east coast of the Lewis. The 
rocks of the Gairloch Hills are generally gneiss. 

Lithograph No. 40 (Plate X.)} represents a granite boulder on 
the edge of a high sea-cliff facing the west, 747 feet above the sea, 
projecting 24 feet beyond the edge of the cliff; having apparently 
been lodged there by some agent which, striking upon the cliff, 
caused the boulder to slide off upon the cllff. 


Lithograph No. 41 (Plate X.) represents one of the hills on the 


coast, to the north of the Gairloch Hotel, 585 feet above the sea, with 
two boulders on the west side of its summit. The Convener, on 
ascending the hill to examine the boulders, found ,that the large 
boulder was 7 feet long by 34 feet high, and that it projected 2 feet 
beyond the edge of the cliff. As the rock on which it rests slopes 
down towards N.W. at an angle of 15°, the Convener thought there 


would not be much difficulty, by means of a crowbar, in projecting 


it over the cliff altogether. 

Lithograph No. 42 (Plate 7 ) shows the foregoing boulder, with 
the rock it rests on, ona larger scale. This boulder is a blue whinstone, 
the small boulder a red sandstone, and the rock of the hill clay slate. 

Lithograph No. 43 (Plate X.) shows a rocky knoll, near the base 
of the same hill, on which a number of true erratics are clustered. 


The uppermost of these (6 x 5 x 3 feet) rests on the others, in such 


a position as to show that it had come from the N. W. 
On the hills between Gairloch and Loch Fionn, the position of 


the smoothed rocks, and also of boulders, seemed to indicate a 
movement rather from W.S.W. than from the usual direction of 


N.W. The deflection, the Convener thought, could be accounted 
for by a range of hills there, against which the transporting agent 
may have struck (Fifth Report, p. 56). 
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Loch Maree.—Rocks on road between Gairloch and Loch Maree 
showed stris, in usual direction of W.N.W, and E.S,E, 

Boulders are visible on all the hills. Near Loch Maree Hotel, at 
height of about 1000 feet above sea, a plateau found by Convener, 
well covered by boulders lying on drift, 

On another hill near the hotel, about 900 feet above the sea, a 
well-rounded boulder was found, very near the top, on its west side, 
lodged in a shelf, where it. pressed at its east end against the rock 
of the hill, as shown on Lithograph No. 44, Plate X, 

Achnasheen (Dingwall and Strome Ferry Railway).—A boulder 
15 feet in girth of grey granite, on a gravel terrace, 610 feet 


above sea. . Locality interesting, on account of the immense beds 


of gravel and sand which have been formed here—no doubt 
by the agency of the sea; and probably flattened by lacustrine 
waters, of which Loch Rosque is a remnant. 

Several hills to the south ascended by Professor Heddle ;— 
one of them, Sgurr-na-Lapaig (3778 feet), requiring “the hardest 
climb” he had ever experienced. For about 1500 feet above 
‘Loch Mullardoch the slope was at an angle of 47°. At 
height of 1530 feet there rests on this slope a boulder 12x8x7 
feet, of hard quartzy gneiss, which he says must have been 
brought there,” as it differs from the rock of the hill (Ninth Report, 
p. 16), 

Ben Wyvis (3426 feet), near Dingwall.—Its N, W. shoulder pre- 
sents whole acres of rock swept bare of soil, with rounded and 
polished boulders of a peculiar veined granite, identified with 
rocks to the westward, in the tract called Dirriemore. These 
boulders are found half way up Ben Wyvis, Similar boulders 
occur, strewed over the country both north (Alness and Ault 
Grand), and south (Strathgarve) of Ben Wyvis, In Strathgarve 
some of the boulders are as large as cottages (First Report, p. 48). 

Dirriemore.—Mr Jolly of Inverness states that the peculiar 
granite of this district has been carried “ eastward,” none of it 
“westuard.” It has been carried across the Cromarty Firth, and 
scattered in large masses even over the Black Isle. It is plentiful 
over the “ Laigh of Moray” and along the sea-shore, between 
Burghead and Lossiemouth (Sixth Report, p. 47). 

Mr Wallace of Inverness also reports having seen Dirriemore 
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granite in numerous boulders in the excavations for the new 
harbour at Buckie in Banffshire (Siath Report, p. 49). 

_ Edderton (west of Tain).—Three large boulders of grey granite 
pointed out to Convener at about 1000 feet above sea, on side of 
hills sloping dow towards N.N.W. Rocks on which they rest are 
Old Red. A horizortal terrace is site of one, The idea that they 
came from “ Cairn nu Cunneig” (Hill of Pitcher), situated 12 
miles to N.W. (as suggested by Rev. Mr Joass of Golspie), is 
disputed, as rocks there are stated to be a red granite. Another 
idea is that they came from hills near Rogart, 10 or 12 miles to N. 
or N. by E., as rocks there said to be grey granite (Lirst Report, 
p. 49, and Second Report, p: 175). 

Fannich Mountains (situated west of Ben Wyvis)—Mr J. F. 
Campbell (Islay) wrote to Convener that on these hills, 2700 feet 
above sea, there is a boulder of grey gneiss with garnets. Its local 
name is “ Clach Mhor na Biachdoil.” It is 30x 10x38 feet, and 
there is a train of large boulders to be seen in a valley not far off. 
Rocks smoothed and striated: Directidn of strie, parallel with 
valleys (First Report, p: 49). 

Fodderty.—Boulder angular in shape, 14x8x5 feet. Looked 


on as Druidical, There is another with an inscription, which is 


supposed to commemorate a battle between two claus. 
Tain.—Granite boulder, weighing about 60 tons, lying on Old Red 
Sandstone, about 2 miles N. of Tain at road side. “Sir Walter 
Scott” boulder of red granite, supposed to have come from “ Cairn 
na Cunneig” mountains, situated to N.W. (First Report, p. 50). 
Tarbet Ness.—" Balnabruach” boulder, a coarse reddish granite, 
33 feet in girth and 9 feet high. Longer axis E, and W. This 
- boulder, and another near it, not so large, supposed to have come from 
“ Cairn na Cunneig” hill, which visible from boulder bearing 
W.N.W. and distant about 30 miles, A line from boulder to this hill 
would cross arm of the sea, 10 or 12 miles wide, between coast at Tain 
and Tarbet Ness (First Report, p. 80, and Second Report, p. 175). 
Dingwall.—Mr Morrison, teacher in the Academy, and Secretary 
of the Ross-shire Field Club, sent notes, of which the following is 
an abstract :— 
On the south slope of Tulloch Hill i are three boulders of a 
pinkish granite, of the following dimensions :—11 x 7 x 7 feet, major 
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axis N.N.W., at about 550 feet above sea ;—8 x 5 x 5 feet, major axis 
N.N.W., at about 400 feet above sea ;—a flat block of mica schist 
11x7x2 feet, at 620 feet above sea, major axis KE. and W. On 
this last-mentioned boulder there are ruts and strie running N.W., 
and about thirty-six artificial cup-markings, — 

On Drynie Farm, S.W. of last mentioned boulder, at 610 feet 
above sea, a mica schist boulder 12 x 8 x 4 feet, major axis N.N.W. 
On its surface six striations, running N. and S., with one cup-mark 
at south end. 

On Tulloch Hill, another pinkish-coloured granite boulder 900 feet 
above sea, 8x 6x4 feet, with major axis N.W. The prevailing 
rock on Tulloch Hill is bluish-grey indurated sandstone slate. 

Where strata crop out on opposite side of valley their edges have 
been rubbed and smoothed on their north faces by some natural 
agency moving in a direction from N.W. 

On north slope of Tulloch Hill a moor stretches up to height of 
about 1100 feet, on which many small boulders of same kind as 
above,—and to be found also all the way down to Cromarty Firth. 

Mr Morrison set out on an excursion to west, with the idea of 
discovering the direction from which these Tulloch boulders had 
come. At Ach-na-Clerach he found “a gigantic mass of the same 
kind of granite as the boulders, 25x 23x12 feet,—the rock on 
which it was resting being different from that of the boulders, 

At the confluence of the rivers Glascarnoch and Strathvaick he 
found rock of the same variety as the Tulloch boulders, but ata 
lower level than Tulloch Hill, He inferred that the boulders had 
been carried eastwards over the south shoulder of Little Wyvis, 
and that “they probably came from Carn-Cuineag through the open- 
ing occupied by Loch Glass.” 

Mr Morrison, accompanied by some geological friends, proceeded 
next to Cairn Cunneag, 2744 feet above sea. It is the highest hill 
in Easter Ross. Its two peaks, or Pitcher lugs, are pinnacles of 
granite. Its slopes are covered by enormous masses of granite 
semi-cubical in shape. An opinion was formed that most of the. 
- boulders in Easter Ross had been derived from this mountain, and 
its lesser neighbours Carn-Mazne, and Carn an Lochan. 

The saddle between the two peaks appears like a shingly beach ; 
—rounded stones of about 10 pounds weight are packed here and 
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there in crevices, with longer axes of the stones lying generally in 
one and the same direction. 


RoxBURGHSHIRE, 


Oastleton.—Many blocks of granite (red and grey varieties) lie on 
greywacke and Carboniferous rocks,—which apparently came from 
Dumfries and Kirkcudbright shires, 30 to 40 miles distant, crossing 
Esk and other rivets (Sivth Report, p. 28). 

Rounded boulders of grey granite occur on the fields and moors 
near Castleton Manse, where Convener saw several from 3 to 4 feet 
in diameter. On east bank of River Esk, about 2 miles below Lang: 
holm, Convener saw granite boulders—both red and grey varieties— 
some of them very large. A number occur also in the Gill burn, 
which flows into the Liddell above its junction with the Esk. 
These granite blocks lie on the greywacke strata, as well as on the 
coal measures. The nearest known hill of granite is Criffel, which 
consists almost entirely of grey granite, situated about 20 miles 
W.S.W. from these boulders. Thé next nearest place where granite 
rocks occur is in Ayrshire, at Loch Doune, beating about W. by N. 

from the boulders, 
Ina small stream north of Tofts House, and about three quarters 
of a mile east of Edgerstone, there were seen by Convener several 
angular blocks of greywacke, resting on a purplish porphyry rock. 
The nearest point where there are greywacke rocks in situ is about 
half a mile to west, between which, however, and these blocks, there 
is a porphyry hill several hundred feet high. There is no greywacke 
to the south or east (“Geological Account of Roxburghshire,” Trans, 
Edin. Roy. Soc., vol. xv. p. 412). | | 
In this parish there is a remarkable kaim, composed partly of 

gravel, partly of sand, in horizontal beds. It runs for about half a 
mile; is about 200 feet wide at base, and from 50 to 60 feet high. 
In the gravel there are blocks and pebbles of granite (both red and | 
grey), as well as fragments of shale and coal,—derived, no doubt, 
from rocks to the westward. The kaim forms nearly a straight 
line, the direction of which is N.E. by E. (Trans. Edin. Roy. Soc. 1 
vol. xv. p. 463). 

Another long ridge of sand occurs near Eckford, on the River 
Cayle, running E.N.E, 
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Jedburgh.—Porphyry boulder, supposed to have come from 
Dunion Hill, which is 2 miles to the west. Formerly a Granite 
boulder on this hill (seen by Convener), which must have come 
from Galloway or Dumfriesshire (First Report, p. 50). 

Nesbit,—Near the village (about 8 miles 8.W. of Kelso) a green- 
stone boulder, identical in composition with rocks on Penielheugh 
Hill, on which stands Waterloo Pillar. Boulder is on a knoll, a little 
to N.W. of top of knoll. Penielheugh is S.W. from boulder, and 
about a mile distant. Transporting agent moved, therefore, here in 
a N.E. direction. Hill is 774 feet above sea, and boulder 224 feet 
above sea. Rocks where boulder lies are Old Red Sandstone. 

Ruberslaw.—On this hill a large boulder of greywacke found by 
Convener, lying on Old Red Sandstone rocks. Nearest greywacke 
rocks in situ are about 3 miles to westward. If boulder came from 
these greywacke rocks it must have crossed low ground 800 feet 
below level of boulder (Hdin. Roy. Soc. Trans., vol. xv. p. 454). 


SELKIRKSHIRE. 


Galashiels, —On the top of Meigle Hill, 1430 feet above the sea, 
there is a Silurian boulder 6 x 44x34 feet, with its longer axis 
N.W. and its sharpest end pointing in that direction. | 
_ The boulder is on the east side of the apex of the hill, and 12 
feet below it. It is lying on drift. | 

Meigle Hill is composed of Silurian rocks. It stands by itself; _ 
there being no hills of equal altitude within some miles of it. 

Other boulders of a smaller size occur on the hill, They seemed 
to the Convener to be all erratics (Sixth Report, p. 30). 


SHETLAND. 


Brassay Island.—A number of coarse white sandstone boulders 
on east side of island, at heights of from 40 to 360 feet above the 
sea, differing from rocks 7m situ, which consist of Conglomerate and 
Old Red Sandstone flags, Largest boulder 10x7x4 feet. Its 
longer axis N.W. There are said to be distinct groovings on it, 
some of them 3 inches deep ;—their direction E.and W. Agent which 
striated rocks must in that case have crossed a valley at right angles 
(Dr Gordon of Birnie, Reporter) (First Report, p. 43, and Second 
Report, p. 176). | 
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Foula Island.—Situated about 20 miles from nearest other 
island, and with a sound between, of 50 fathoms in depth (Second 
Report, p. 177). 

On this island, which has on it a hill reaching to a height of 
1370 feet, several boulders were reported to the Committee. 

The Rev. James Russell, in 1873 (who was then resident in 
Walls), visited the island, and refers to several boulders—situated in 
the south half of the island,—the north half he had not examined. 


From the middle of the island, to south end, he reported drift as | 


high up as 700 feet, containing much granite and gneiss, which he 
supposed to have come from Mainland. In the middle of the 
island there are two boulders of irregular shape, each weighing 
about 2 tons,—their composition he does not mention. 

Mr Russell stated that at the south end of the island there s are 
three boulders of gneiss and two boulders of granite, each weighing 
from 3 to 5 cwt., and which he supposed came from the Culswick 
and Delting Hills on Mainland, towards the N.E. 

Messrs Peach and Horne, on the other hand, suggest that these 
boulders may belong to rocks in situ on Foula itself, inasmuch as 
the eastern part of the island (they say) consists of gneissose rocks, 
with a mass of granite in the N.E. corner (Geol. Mag. for August 
1881, p. 372). 

Messrs Peach and Horne, however, mention that they discovered 


in the boulder clay of Foula a block of epidotic syenite from Dun- 


rossness ;—a lovality which bears S.E. from Foula, separated by sea 
at least 50 miles in breadth, and having a depth of 70 fathoms. 

Houssay Island.—On a cliff 200 feet above sea there are loose 
blocks resting on rounded and polished rocky knolls; the knolls 
having been evidently polished before receiving the alien (First 
Report, p. 43). 

Papa Stour Island was visited by the late Dr Hibbert in the year 
1822 (Edin. Journ. Science for 1831, vol iv. p. 86). He found in it 
several peculiar schists, foreign to the island, apparently derived from 
rocks at Hilswick Ness, situated to the N.E., and distant about 12 
miles across St Magnus Bay, which has a depth of 40 fathoms. 

This island was visited also by Professor Geikie, who states that 
he found on it many “transported blocks of gneiss, schist, and 
other rocks foreign to the locality ” (Nature, vol. xvi. p. 415). 
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Besides the boulders pointed out by Dr Hibbert, Messrs Peach 
and Horne say that on Papa Stour they saw others of “ Old Red 
rocks, derived from the area occupied by the rocks between Sand- 
ness and Bixiter Voe;”—places on Mainland, situated to the S.E. 
of Papa Stour, and separated from it by an arm of the sea. | 

Hilswick Ness, the south end of an isthmus, on the north side of 
St Magnus Bay. | 

Dr Hibbert refers to a transported boulder on the summit of this 
promontory ;—describing it as “‘a surprising block of granite — 
removed from a rock, the nearest site of which is about 2 miles 
north” (Edin. Journ. Science, vol. iv. p. 89). 

Messrs Peach and Horne, who had not mentioned this boulder in 
their paper, adverting to Dr Hibbert’s notice of it, say that ‘this 
boulder might have been derived from some of the masses of the 
same material, lying at a slightly greater distance to the E. and 
N.E. of Hilswick ” (Geol. Mag. for August 1881, p. 372). If that 
view be taken, the transport must have been across an arm of the 
sea running N., and 8. on the east side of Hilswick Ness. 

Roeness Hill, on North Mavine, 1476 feet bigh.—Dr Hibbert 
says, this hill being ‘‘ composed of red granite, I was struck with the 
immense number of boulders of a primary greenstone, which appear 
to have been removed from a site 2 or 3 miles off, and to have been 
brought in a southerly or south-westerly direction up a gradual 
ascent of 3 or 4 miles (din. Journ, Science, vol. iv. p. 89). 

Messrs Peach and Horne admit the facts as here stated. They 
say they “entirely support our conclusions, viz. of the boulder 
having been carried up hill by the Scandanavian ice-sheet, in a 
S.W. direction” (Geol. Mag. for August 1881, p. 371). 

Additional Localtties.—The Rev. Dr Gordon of Birnie visited 
Shetland in the year 1872, and sent to the Committee the following 
notes :-— 

(1) Boulders.—Near North Mavine (the extreme north of Main- 
land) there are large boulders between Hilswick and Ollaberry. He 
sent to the Committee pencil sketches of three boulders, situated 
in the same North Mavine district, between St Magnus Bay and 
Yell Sound. They are syenitic. One near Eela water is 16 x 12 x 6 
feet. Another called Crupna (bent) is 11x 8x8 feet. The third 
called Bonhus, situated betweeh the other two, is 8 x 10 x 11 feet. 
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(2) Série on rocks seen by Dr Gordon, at two places, about 20 
miles asunder; one a mile north of the fishing huts of Stennis on 
N.W. shore of St Magnus Bay, on coarse Conglomerate rock. The 
other place was at Islebury, where there is a valley running N. and S. 
The striz showed that striating agent had crossed valley in E. and 
W. direction (Second Report, p. 177). 

| Lunnasting—Stones of Stoffas.—Specimens from these blocks 
were shown to late Professor Nicol of Aberdeen, who after examination. 
considered them to be gneiss, the same as the rock of the island: 
They are from 20 to 22 feet high, and 90 feet in girth. Height 
above sea 100 to 120 feet. The Professor, from the account given to 
him of them, thought the stones had probably been “carried,”—there 
being no land near them at a higher level (Second Report, p. 193). 

The following notes were sent to Convener, by some person, 
evidently well acquainted with the locality, but whose name has 
unfortunately not been preserved :— 

Four boulders, looking “like pale granite,” on the alin of Lunna. 
Nos. 1, 2, and 3 stand near each other in north part of parish, not 

far from sea, and at a height above sea-level of from 150 to 200 feet. 

No. 1 is in height 22 feet; length, 36 feet; breadth, 25 feet, 
angular in shape ; direction of longest axis N.W. | 
- No. 2 is in height 19 feet; length, 34 feet; breadth, 14 feet ;. 
angular direction of longest axis N.E. | 

No. 3 is in height 11 feet 4 in. ; length, 8 feet 7 in. ; breadth, 8 
feet 2 in. ; direction of longest axis N.W. 

Nos. 1 and 2 separated from each other by a distance of 100 or 12 
feet ; the intervening space being filled with large masses which 
have apparently fallen from No. 2. 

Nos. 1 and 2, known as “ The stones of Stoffas.” This word said | 
to be a corruption of ‘‘ Stay fast”; the legend being, that two giants 
were passing through Lunnaness, when some superior power arrested 
their farther progress by pronouncing the words, “ Stoffas /” | 

No. 4 stands by itself, surrounded by deep moss, within a few 
yards of the highest point of a hill, about 4 miles to the.south of 
the other three stones. 

Note by Convener.—The stones of Stoffas are referred to by late 
Dr Hibbert, in his volume on Shetland. He describes them as 
“enormous detached masses, which do not seem to have undergone 
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any distant removal, since they repose on rocks of a precisely 
similar kind” (p. 179). 

Professor Heddle of St Andrews informs Convener that he 
examined these stones, and thought they had been detached and 
wrenched off from other rocks, and moved in a direction towards 
E.S.E. (Eighth Report, p. 7). 

Fair Isle Parish—Rev. Mr Laurence, catechist, reported that 
there are no boulders above 10 tons, but that there are several small 
houlders of Conglomerate quite differing from any rocks in island 
(Eighth Report, p. 7). 

He adds that there was one latge block of sandstone which was 
blown up in 1880. It differed from any rocks in island, and was 
similar to the Eday sandstone. 

The island of Eday is about 13 miles to $.S.W. of Fair Isle 
(Eighth Report, p. 8). 

North Unst.—All over Unst the rocks show abrasion, and, in 
many places, deposits of drift, enclosing stones of various sizes. 

Mr Peach, senior, at the request of the late Sir Roderick 
Murchison, examined this most northern isle of the Shetlands, and 
gave in a Report to the British Association in the year 1864. He 
stated that he “ascended the Muckle Heog Hill, reaching to a 
height of 500 feet; and found the W.N.W. end vertical, and 
polished to the depth of at least 150 feet.” Professor Geikie in an 
article in Nature, of 17th September 1877, refers to the foregoing 
report by Mr Peach, and says “that from his own observations he 
can speak confidently as to the correctness of Mr Peach’s deter- 
minations,” 

Sumburgh Head.—Conglomerate boulder lying on sandstone 
rocks (Second Report, p. 44). 

In addition to the information in the foregoing notes, ‘regarding 
boulders, it is right to refer to the information given by Messrs 
Peach and Horne (in their paper on the Shetlands) regarding the 
extent to which all the hills, even the highest, show traces of glacia- 
tion (Jour. of Lond. Geol. Soc. for November 1879). 

They say—that “from Sumburgh Head northwards to Unst we 
found everywhere the clearest evidence that Shetland must have 
been at one time smothered in ice” (p. 706). 

“It is apparent, on a moment’s consideration, that the direction of 
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the strize would have been widely different, had the island radiated 
its own tce, and had the glaciation been purely local” (p. 791). 

“ For these various reasons, we are justified in inferring that the 
glaciation of these outlying islets is due to the action of an ice-sheet 
originating far beyond the sphere of Shetland” (p. 792). 

“The highest ground in the centre of the Mainland is likewise 
ground down and striated. The ridge which extends from Weesdale 
Hill (842 feet) to Scallafield (916 feet) reveals the fine lines as well 
the flutings of the ice-chisel ” (p. 793). 


STIRLINGSHIRE, 


1. Alloa.—Basaltic boulder, 13x 12x11 feet, called “ Hair 
Stone,” about 70 feet above sea. Longer axis N.andS. Assuming 
boulder to have come through valley or kyle, between Abbot’s 
Craig and Damyat, it must have travelled in a direction from N.W. 
by W. (First Report, p. 50). 

2. Kilsyth and Strathblane-—Mr Jack, of Seoteh 
Geological Survey, reported two boulders,—one of mica slate, weigh- 
ing about 6 tons, 1260 feet above sea, its parent rock supposed 
by him to be to the N., and distant 15 miles, The other boulder | 
is Conglomerate, 8x 4x3 feet, its longer axis being W. 20° N., 
its parent rock supposed by him to be also to N.W. (first Report, — 
p. 51). 

3. Campsie.—Mr John Young of the Hunterian Museum, Glasgow, 
accompanied Convener to an inspection of the district near Campsie, 
and pointed out the following objects of interest :—(1) On Craigend 
Moor, about 450 feet above sea, sandstone rock presented great 
sheets of smoothed surface, evidently ground down by severe or 


long-continued friction, with occasional strie running S.E. by 


In some places there were quartz pebbles in the sandstone rock, 
which were ground down, showing marks of rubbing chiefly on the 
N, W. sides. 

At four other places there were striations on 1 rocks, pointing re- 
spectively S.E. by 8. and S.E.$5.,S.E. by S., SSE. 

Looking from this moor towards the N.W., hills are seen about a 
1000 feet high, at one place with an opening between them of about 
14 miles in width, through which, if there was a current, it might 
pass over Craigend Moor. 
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Several boulders were pointed out. Two were of a species of trap 
common in the Kilpatrick Hills, situated some miles to W.N.W. 
Another boulder was a grey granite, which, judging from the size of 
its felspar crystals, Mr Young supposed might have come from Ben 
Awe, a mountain situated to N.W., and distant about 30 miles, 
There were also several Conglomerate boulders, derived probably 
from the belt of that rock, which, running from Dumbarton, crosses 
Loch Lomond in a N.E, direction towards Aberfoyle. fete 

The Convener at another time, when on Campsie Hills, found 
rocks at 800 feet above the sea, striated in a direction E. and W. 
On the Kilsyth Hills, a fow miles further east, the rock striz point 
the same way. 

On Croy Hill, a knoll of trap rock, being the summit level between 
the Firths of Clyde and Forth, about 160 feet above the sea, there 
is an immense accumulation of boulders. Some of the boulders are 
of old Conglomerate, which must have come from the westward 
and stuck on the knoll (Fourth Report, p. 42). 


The relative positions of these localities may he more readily 
understood, by referring to the annexed map, 


— Direction of rock strie ; B, Craigend Moor ; K, Croy Hill ; Boulders 
shown by black dots, ®, ° 


4, St Ninians.—Boulder weighing about 200 tons, at height of 
1250 feet above sea, reported by Mr Jack, but no particulars given 
(First Report, p. 51). 

5. Sherifimuir, 3 miles from Bridge of Allan, a large boulder 
called ‘‘ Wallace’s Putting Stone” (Fourth Report, p. 34). 
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6. Sterling and Doune districts—Conglomerate boulders occur at 
the following localities (Siath Report, p. 31) :— 

(1) At Kilbride, boulder of about 900 tons (mentioned under 
Perthshire). 

(2) On Landrick Estate, boulder of about 360 tons. 

(3) At Keltie Bridge, boulder weighing about 60 tons. 

(4) On Gartincaber, boulder weighing about 16 tons. 

(5) On North side of River Teith, boulder weighing about 13 tons. 

(6) In the Burn of Campsie, two boulders each weighing about 13 
and 24 tons. a 

(7) In the district traversed by the hill road between Downe and 
Callander, multitudes of smaller size. 

(8) At Cornton Brickwork (between Stirling and Bridge of Allan), 
small boulder found in bed of clay, : 

(9) On the rocks adjoining Stirling Castle on the north, small 
Conglomerate boulders, besides others of gneiss and greywacke. 

(10) At Loch Coulter and Gillies Hill (places 3 miles south of 
Stirling), several Conglomerate boulders, besides others of mica slate 
and felspar porphyry. | 

(11) On Plean Estate (4 miles S.E, of Stirling), boulders of Con- 
glomerate, gneiss, granite, greywacke, and whinstone. _ : 

| (12) At Glenbervie, near Torwood (5. miles 8.S.E. of Stirling), a 
Conglomerate boulder, 6 feet square, found by Convener. | 

(13) On Dunmore Estate (9 miles 8.E. of Stirling), a Conglomerate 
boulder of about 10 tons, found by Convener. 

A more particular account of the foregoing boulders may be 
found in “ Thg Estuary of the Forth,”* p. 41, where it will be seen, 
that all those which are elongated in shape, generally have their 
longer axis in a direction N.W. and S8.E. 

There can be no doubt that all these boulders had been carried 
from hills situated to the N.W., near Callander and Aberfoyle, 
as there are rocks there of the kind composing the boulders, and in 
no nearer district. 

On the north side of Stirling Castle the trap rocks are traversed 
by narrow gorges, running about E. and W., the sides of which in 

many places present smoothings and stris, especially on the south 
sides, indicating transport from a point a little to the north of west, 


* Edmonston & Douglas, Publishers (1871). 
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The strice are generally horizontal, but occasionally are inclined 
slightly upwards towards the east. 

A few small boulders, well rounded, occur in several of the 
gorges. Among them, granites and conglomerates were observed. 

Craigforth Hill, about 2, miles west of Stirling, has smoothings on 
its rocks near the top (198 feet above sea), and a few strie running 
in a N.W. and S.E. direction. The Convener found on it also small 
boulders, apparently from rocks situated at or. near Aberfoyle, which © 
bears W. 4 N. from Craigforth. 

On or near the Racecourse at Stirling (situated S.W. from the 
Castle), about 130 to 160 feet above the sea, there are several 
granite boulders lying on smoothed sandstone rocks. The largest is 
7x3x4 feet. It is on a rocky knoll, the smoothest part of which 
slopes down towards N.N.W., As the boulder, from its composition, 
most probably came from the hills. situated to, the N.W., it must 
have lodged on what would be the lee side of the knoll. | 

7. Aberfoyle.—Arndrum Hill, reaching to height of 454 feet above 
sea, forms part of the ridge of Conglomerate rock, which traverses 
country in a N.E. and 8. W. direction by Callander and Loch Lomond. 
On this ridge Professor Heddle, at a height of 230 feet, found a line 
of six boulders of angular gneiss, stretching N. and S. They are 


from 2 to 20 feet apart, and are. from three-quarters to 3 cubic | 


yards in size. 

— To the west of this line, four other similar boulders lay along the 
summit of the ridge, and thus at right angles to the first line 
(Vinth Report, p. 16). 


* 


SUTHERLANDSHIRE, 


Assynt.—Two large. boulders, one at Unapool, the other at 
Stonechrubie, called “Clach na Patuin” (Stone of the Button) 
(First Report, p. 51). 

Golspre.—An Old Red Sandstone boulder, £6: x 10 x 4 feet, about 
248 feet above sea, lying on volitic recks,—-subangular,—with longer 
axis N.N.W. Three smaller boulders of Old Red Sandstone lie 
about 100 yards to S.E. The Old Red Sandstone formation is 
situated to N. and W., about 3 miles from those boulders (First 
Report, p. 51). 3 

Rev. Mr Joass, of Golspie, refers. to a large boulder of gneiss, 
weighing about 120 tons, called “ Clach Mhie Mhios” ; Clach being 
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Gaelic for ‘* Stone,” “ Mhie,” of a son, “ Mhios,” of a month ; this 
name having been given by legend, that stone was thrown from a 
hill 2 miles distant by a child of Fingal, when only one month 
old (First Report, p. 10). | 

West and North Coasts.—The late Robert Chambers visited the 
west coast of Siftherland, travelling round by Cape Wrath, and 
along the north coast as far as Tongue Bay, with the following 
results :— 

1, At a height of 1700 and 1800 feet, he found strie on the 
— rocks of Cuineag and Canish (quartz hills in Assynt, about 30 miles 
north of Gairloch), running from about N. 60° W. with certain 
exceptions. One of these exceptions was at the base of Cuineag, 
where the streaks are from the direct north, apparently by reason of 
a turn or deflection which the agent had there received at and 
_ by.reason of the base of an adjoining hill. Another exception was 
at the hollow dividing the mass of the hill from its loftiest 
top, where another system of streaking had come in from the 
direct: west. 

2. On a summit south from Ben More; fully 1500 feet high and 
4 or 5 miles to the south of Cuineag, there are streakings on the 
quartz, observing the normal direction of this general movement, 
viz., from N. 60° W. : 

3. On the gneissic platform between Cowl More and Sulvean Dr 
Chambers found polished surfaces striated from N.W. and from 
W. To the west and north of the latter mountain are markings © 
in all respects similar, These are situations, observes Chambers, — 
where no local glaciers could exist. 

4, Streakings precisely the same as those on Cuineag and Canish 
exist at an elevation of at least 2000 feet on the similar quartz 
mountain called Ben Eay, south of Loch Maree, and 40 miles from 
Assynt ;—this striation being from N.W. or thereabouts, and totally 
irrespective of the form of the hill. 

5. Passing northward to Rhioonish, “‘we find near that place striae 
coming in from the coast, viz., from the N.W., and passing across a 
high moor, with no regard whatever to the inequalities of the 
ground,” 

6. A little farther north, at Lazford, a fine surface is marked 
with striations from the N.W., being across the valley in which is 
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occurs. At an opening in the bold “ gneissic coast, which looks out 
upon the Pentland Firth, there is strong marking in a direction from 
N.N.W. The high desolate tract between Loch Eribol and Tongue 
Bay, where there is nothing that could restrain or guide the move- 
ment of the ice, exhibits striations from N. 28° W. Strie in 
nearly the same direction, viz., N. 25° W., occur 4 miles to the east 
of Tongue. On perfectly free ground, at Armadale, the markings 
point almost directly from the north. When we pass on to Caithness 
we find traces of striation, still from points between N. and N.W., 
which is directly transverse to a line pointing to the neighbouring 
hills” (Fifth Report, p. 62). 

The late Professor Nicol observes that, ‘on the whole N.W. coast, 
from Cape Wrath southwards, numerous ‘perched’ boulders occur 
on summits and sides of hills, in most exposed situations. They are 
especially numerous around Loch Maree” (first Report, p. 51). , 

In another paper (Brit. Assoc. Reports for 1855, p. 89) the Pro- 
fessor states that “on the west coast of Sutherland, near Loch 
Laxford, enormous blocks are perched on the top of rounded bosses, 
or on the very verge of precipices. As the slightest impulse seems 
sufficient to dislodge these boulders, the manner in which they were 
placed in their present positions is very problematical.” 

It is matter of regret that no reports came to the Committee re- 
garding the boulders on the N. W. and N. coasts of Sutherlandshire, 
though frequent applications for them were made. For want of 
reports it has been thought right to refer to the foregoing observa- 
tions by Dr Chambers and Professor Nicol. 

Clyne.—Remarkable kaims, apparently moraines, lateral and 
terminal, in Brora valley. At Clynlish quarry the sandstone rocks 
striated in a direction from W. by N. to N.W. (First Report, p. 51). 


WIGTOWNSHIRE, 


Glasserton.—Granite boulder, 9x 6x6 feet, weighing about 24 
tons. Longer axis N.E. and S.W. Two other boulders in a line 
with it. These supposed to have come from mountains to N.E., 
crossing an arm of the sea. 

Several kaims in the parish, full of granite pebbles (First Report, 
p. 38). 


i 
i 
\ 
~ 


of Edinburgh, Session 1883-84. 877 


Glenluce-—The Rev. Mr Wilson reports the finding of water- 
worn nodules of flints in beds of stratified drifts, at different places 
along the coast for about 6 miles. Various localities named, where 
flints were found by Mr Wilson in drift beds up to 200 feet above sea. 
He suggests that some of the drift materials probably came from 
Arran, and the flints from Armagh in Ireland (Ninth Report, p. 26). 


Faroe ISLANDS. 


Though these islands form no part of Scottish territory, they are 
not so far from the Hebrides, Orkney, and Shetlands, as not to 
warrant some notice of their glacial phenoémena. Moreover, having 
been visited by several Scotch geologists, who reported on them to 
the Edinburgh Royal Society, it may be allowable to add a few notes 
bearing on the boulders and rock striations of these islands :— 


I. Errattes. 


1. The first traveller who noticed the glacial phenomena of the 
Fardes was the Rev. G. Landt, a Danish clergyman, whose book was 
_ translated into English in 1810, 

In page 8 of his treatise he says:— 

“There are sometiniés to be seen in the valleys, single stones, 6, 
8, or 10 feet in diameter, tn places where it is impossible they could 
have fallen down from the hills. Such stones are found also here 
and there, at @ considerable height on the hills, where there is no 
other eminence in the neighbourhood, from which they might have 
rolled down.” He adds, a little farther on; that these ‘ stones are 
generally round” in shape. 

2. Dr James Geikie; in his elaborate and valuable Memoz7 on the 
Farée Islands, lately published in the Edinburgh Royal Society 
Transactions, vol. xxx. p. 250, says; under the head of Erratics, that 
“large angular blocks of basalt rock are of common occurrence. | 
Near Thorshavn, many are of large size, measuring occasionally 
upwards of 20 feet across. They occupy positions which preclude 
the possibility of their having fallen or rolled down the hills ; and 
as they are now and again associated with moraine debris, I do not 
doubt they have been deposited during the melting of the ice-sheet ” 
(p. 250). . . . “While perched blocks are quite absent from the 
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hill-tops, which give no evidence of glaciation, they are often scat- 
tered abundantly over the surface of high ground which has been 
glacially abraded. This is well seen upon the ridge between Groth 
and Skeelfiork, where isolated erratics are sprinkled about upon the 
moutonnée surface” (p. 250). In the same paper, Dr Geikie else- 
where repeats that “the large erratics scattered over hill-tops and 


hill-sides were doubtless deposited by the mer de glace during its 
final dissolution” (p. 262). 


Il. Rock Strie. 


In the year 1812 Farée was visited by Sir George Mackenzie 
and Mr Allan, both Fellows of the Edinburgh Royal Society, and 
both of them well-versed in geological inquiries. Both of them 
read to the Society accounts of their visit. Sir George, in his 
_ paper, expressed much satisfaction in having induced Mr Allan to 
be his companion, on account of “his great experience in geological 
examinations” (Zdin. Roy. Soc. Trans., vol. vii. p. 215). 

Mr Allan, in his paper, refers mere than once to a “headland near 
the village of Eide, which (he says) presents a perpendicular front 
to the ocean.” So much interested was he in this “ headland,” 
that he attempted to measure its height, and found it to be 1134 
feet (page 242), 

In a subsequent passage, he again alludes to this “headland” as 
a thing ‘of interest,” on account of the “remarkable instance (it 
presented) of the abrasion of its surface, where the rock appears to 
_ have been worn down by the friction of heavy bodies” (p. 244). 

Then remarking that generally in Farée, where the rocks do “ not 
consist of impracticable cliffs, they present a solid, smooth surface, 
always highly inclined,” he goes on to say, “it would be curious 
to investigate whether this smoothness on the sides‘of the mountains 
could be traced to any external cause, such as that which has been 
observed by Sir James Hall on Corstorphine Hill and other parts of 
the country, indicating the passage of heavy bodies along the sur- 
face. Near Eide I observed a very remarkable example of this 
description. There the rock was scooped and scratched in a very 
wonderful degree, not only on the horizontal surfaee, but also on a 
vertical one, of 30 to 40 feet high, which had been opposed to the 
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current, and presented the same scooping and polished appearance 
with the rest of the rock, both above and below.” 

In the year 1855 the late Robert Chambers, also a Fellow of the 
Royal Society, who had previously paid much attention to glacial 
phenomena, visited the Fares, and wrote an interesting account of 
what he saw. He explains, that being aware of Mr Allan’s dis- 
covery at Eide, he went there on purpose to study the markings on 
the rocks. The following is his description :—‘‘ There are some 


small fields under cultivation. Every here and there the rocks 


are presented on the surface, where they are invariably seen rounded 
or flattened, with peculiar deep channelings, precisely like those 
rocks which are now generally believed to have been abraded by 
ice. My attention being arrested by these features, I looked 
- narrowly for the striz or scratehes which ice generally leaves on 
surfaces over which it has passed. They presented themselves 
in abundance, in several places, most strikingly of all, within 
sea-mark on the shore of the quiet bay, being all directed from 
the north, which 3s also. the. direction of the canaue.or channel- 
ings, and further of the passage or isthmus in which the valags 
(of Eide) lies.” 

In his Memoir on the Farée Islands, Dr James Geikie (p. 246) 


referring to the same locality of Eide, says, that “ perhaps the best — 


preserved roches moutonnées we anywhere observed were in Osterde 
and Sandoe, It was with considerable interest that we visited the 
northern portion of the former island, for we felt that the evidence 
to be gathered there would go a long way to settle the question 
which we had come to solve. No. difficulty was experienced in 
finding the locality described so long ago by Allan, and subse- 
quently visited by Chambers but the stria, instead of being 
‘directed from the north,’ had clearly been graved by ice coming 
from quite the opposite point of the compass. The Kodlen peninsula 
we found glaciated all over, the roches moutonnées on both sides of 
the isthmus being beautifully perfect, and showing Stogs and Lee- 
seiten in the most admirable manner. In many places the striz are 
well seen, and long ruts and: channelings, or grooves and trenches, 
well smoothed and ice-worn, traverse the rock surface. We traced 
the glaciated contour up to a height of 1302 feet, which was the 
summit level of the pass leading from Eide to Funding; but the 
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slopes facing the sound between Osterde and Stromée seemed to be 
glaciated to a somewhat greater height. The direction of glaciation 
upon those slopes, so far as we could observe them, seemed to be in 
a direction corresponding with the trend of the — namely, 
from 8.8.E. to N.N.W.” 
As any facts bearing on the smoothed and striated rocks at Hide 
and the Kodlen peninsula deserve attention, the following addi- 
tional paragraphs in Professor Geikie’s Memoir are quoted :— 
On page 254 he states that “the soundings on the chart prove, 
that the long fiord which separates Stromée from Osterde occupies 
the bed of two submerged valleys, with a low separating col, over 
which there is shallow water. This col occurs in the narrow part of 
the sound between Nordskaale and Ore; and the soundings show 
that from this point the water deepens, both towards N.W. and S.E. 
The fiord is shallower at its mouth near Eide, where there are 5} 
and 9 fathoms of water, than it is at and above Haldervig, where 
we get depths of 18 to 30 fathoms.” 
On page 261 Professor Geikie states that “the long sound that 
separates Osterée from Stromie brimmed with ice, which flowed in 
two directions. N orth of Nordskaale the movement was northerly ; 
while south of the shallow - of that sound the ice held on a 
southerly course.” 
A point, apparently of some importance, is brought out in Dr 
Geikie’s Memoir, viz., that many of the hills show smoothing of 
rocks, only up to a certain height. | 
Thus it is stated that “ the lower part of the mountains that over- 
look Kolfaredel are smoothed and abraded in a S.E. direction, and 
we estimated the height reached by the glacial outline to be some 
1500 or 1600 feet, Above that level all is rough and rugged, and 
destitute of the slightest trace of glacial abrasion” (p. 245). 
Then, on an adjoining mountain, where there is a pass at 1243 feet 
above the sea, there are “ roches moutonnées,” but we saw no striz. 
The glaciated outline was continued up the mountain slopes above 
us, for not less than 400 feet” (p. 245). 
In another locality, “ the col, we found to be 1693 feet above the 
sea, and the glaciation came close up to this level. But abraded 
rocks with the characteristic glaciated contour certainly reached 
1600 feet” (p. 246). 
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At p. 246 it is mentioned that “the upper parts of the hills 
between Fundingsfiord and Andafiord were above the limits of gla- 
ciation.” . . . ‘‘Suderde has supported a considerable mass of ice ; 
for we traced the glaciated outline up to a height of 1040 feet. 
Above that level all is rough, angular, and serrated” (p. 248). 
The explanation suggested by Dr Geikie of these interesting facts 
is, that “when the islands were enveloped in their. ice-sheet, the 
action of frost would be confined to.such ridges. and hill-tops as pro- 
jected above the mer. de glace, while severe glacial. abrasion would 
go on below” (p. 260). 

Dr Geikie, in his Memoir, more than. once takes notice of the 
“ scarcity of moraine mounds,” which, he says, “it 7s difficult to 
account for satisfactorily ;”—but he offers under that head several 
suggestions, “the principal ” being, “ probably the continuous and 
comparatively rapid dissolution: of the ice, after the snow-line had 
retreated several hundred: feet above the sea-level” (p. 263). 


LIST OF LITHOGRAPHS. 


ARGYLESHIRE. 


lying on Old Red Sandstone strata; blocked at south end, indicating 
probable transport from north, (Abstract, p. 773.) | 

Plate VIII... No. 2. View of a gneiss boulder jammed between 
rocky banks of a small stream. (Abstract, p. 774.) | 

Plate VIII. No. 3. Gneiss boulder, called “ Clach Udelain” 
or “ Unstable Block,” in consequence of its precarious position. 
(Abstract, p. 774.) 

Plate VIIL No. 4. “ Giant Putting Stone,” on rock smoothed 
from the north. Site of boulder on rock 18 x 12 inches. (Abstract, 
p. 774.) 

Plate VIII. No. 5. Two boulders on similarly smoothed rock 
called “‘ The Pig’s Back,” on Knap Farm. (Abstract, p. 774.) 

Plate VIIE. No, 6.. Loch Glashan.—A boulder on Knock Farm, 
resting on smoothed rock, which dips N.N.E. at 30°. Longer axis 
of boulder and sharpest end point N. by E. (Abstract, p. 775.) 

Plate VIII. No. 7. Three lithographs (1), (2), (3) of a boulder 


Plate VIITE., No. 1. On west coast of Kintyre, a gneiss boulder, 
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perched on top of a ridge, among hills to the south of Lock Awe. 
(Abstract, p. 777.) 

Plate VIII. No, 8. Great assemblage of boulders on south shore 
of Loch Killesport. B is boulder of 2770 tons weight. A is line 
of 40 feet old sea-cliff. (Abstract, p. 779.) 

Plate VIII. No. 11, Rock smoothed and striated at —T 
(Abstract, p. 780.) 

Plate VIII. No, 10. Cluster of boulders on steep hill- ate Killes- 
port, (A p. 7 


Burts. 


Plate VIIT. No. 9. Arran.—On east shore of, a granite boulder 
(B) lying on Old Red Sandstone, and blocked at itssouth end. The 
_ shape of boulder shown by fig. A. (Abstract, p. 792.) 

Plate VIII. No, 12, In Ettrick Bay, west coast of Bute, boulder 
of gneiss standing upon its thick end, against edges of slate strata, 

which block it on its south side. (Abstract, p. 793.) 

Plate VIJI. No, 13. Barone Hill,-Showing smoothing and stria- 
tion of rocks on both sides of a gorge, through which striating 
agent had passed from north. (Adstract, p. 793.) 


HEBRIDES, 


Plate VIIT. No, 14. Islay Island.—Porphyry boulder on N.E. 
side of summit of a steep hill. (Abstract, p. 806.) 

Plate VIIT, No. 15. Zona.—Granite boulder, standing or on one end 
against clay-slate rocks. (Abstract, p. 808.) 

Plate IX. No. 16. Jona.—Granite boulder of about 400 ili on 
plateau 230 feet above sea, leaning on west side of Dun I Hill. 
(Abstract, p. 809.) 

Plate TX. No, 17. Coll Island, Bein Hock hill, showing N.W. 
front, with two boulders on summit, A B, and one on a plateau at 
its base, C. (Abstract, p. 811.) 

Plate IX, No. 18. Coll Island, Grassipol meadow, having a ver- 
tical wall of rocks on S.E. side, showing a great accumulation of 
boulders, (Abstract, p. 811.) 

Plate IX, No. 19. Coll Island,—-A rocky knoll covered by boulders, 
showing that uppermost boulder had come from N.W. (Abstract, 
p. 812.) 

Plate IX. No. 20. Barra.—Boulder of 890 tons, 230 feet above 
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sea, on a terrace of drift, on north slope of Ben Erival. (Abstract, 
p. 813.) 

Plate IX. No. 21. Barra.—Boulder 228 feetabove sea, on north slope 
of Ben Erival, butted at its east end against rock. (Abstract, p. 814.) 

Plate IX. No. 22. Barra.—Boulder on west slope of Ben More 
hill, on shore of Atlantic, at height of 165 feet above sea, butted 
by rock at its east end. (Abstract, p. 815.) 

Plate IX. No, 23. Loch Boisdale.-—-Two boulders, A and B; A 
butted at its east. end on rock of Kennet Hill, and B resting with 
its east side on A. (Abstract, p. 815.) 

Plate IX. No. 24. South Uist, Mingary Hill, showing terrace on 
its N.W. side, with boulders of various sizes. (Abstract, p. 816.) 

Plate IX. No, 25. Uist.—Askernish.—Granite boulder perched on — 
- point of a rocky knoll (two views) (1) and (2). (Abstract, p. 816.) 

Plate X. No. 26. South Uist, Jocdar; rocks extensively 
smoothed and striated from N.W. (Abstract, p. 816.) 

Plate IX. No. 27. Harris, at Borve, on shore of Atlantic ; two — 
boulders on hill-side sloping down towards sea, the uppermost 
having apparently come from west, (Abstract, p. 817.) | 

Plate IX. No, 28. West Loch Tarbert.—Scalpa Island. Granite 
boulder butted by rock at its east end. (Abstract, p. 818.) 

Plate X. No. 29. The Lewis.—Hill top at Miavig, covered by 
boulders chiefly on west side, (Abstract, p. 819.) 

Plate X. No. 30. Skye.—Boulder on rocky ridge, between Loch 
Scavaig and sea, on west coast. (Abstract, p. 821.) 


INVERNESS-SHIRE. 


Plate X. No. 31. Fort-William.—Boulder on steep western side 
of Treshlik Hill. Two views given; upper one shows part of hill 
on which boulder lies ; lower one shows steepness of slope. (Abstract, 
p. 825.) 

Plate X. No. 32. Flichity Valley.—View of an isolated hill, 
about 1620 feet above sea, with many boulders on west side. Two 
views given; that on left hand, to show shape of hill and position 
of the boulders ; the other to show steepness of hill slope. (Abstract, 
p. 834.) 

Plate X. No. 33. Glencoe.—Boulders of gneiss, lying at foot of 
cliff, which faces east; supposed by Convener to have come up 
valley, till obstructed in farther progress by cliff. (Abstract, p. 830.) 
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Plate X. No, 34. Farr Parish.—Boulders on rocks smoothed, 
and sloping down to westward. (Abstract, p. 835.) 


NAIRNSHIRE. 

Plate. X. No, 35. Croy.—‘ Tom Rioch”—large angular Con- 
glomerate boulder—to show shape, long distance 
carried. (Abstract, p. 850.) | 

Plate X. No. 36. Cawdor.—Sketch of four ates large angular 
Conglomerate boulders given for same reason. (Abstract, p. 851.) 


PERTHSHIRE, 


Plate. X. No, 37. Callander.—Bochastle. Hil. Two “gneiss 
boulders, lying on Conglomerate rock, which forms west part of 
hill, The largest (14x 9.x 9 feet) is on very summit of hill. Its 
shape shown by fig. a in diagram; that of smaller one by fig. 8. 
(Abstract, p. 856.). 

Plate X. No. 38. Dochart Valley.—Rock on south side of, 


smoothed and rutted horizontally from, west. (Abstract, p. 858.) 


‘Plate X. No. 39. Boulders on ridge of hills, 2300 feet above 
sea, and horizontal strata broken up. (Abstract, p. 859.) 


Ross-SHIRE. 
Plate X. No. 40. G@asrloch.—Granite boulder 747 feet above 
sea, on edge of a high cliff, facing west,; resting on schistose 
gneiss. It projects 24 feet beyond edge of cliff. (Abstract, p. 861.) 
Plate X. No, 41. Gazrloch.—Hill N.E. from Gairloch Hotel, 
585 feet above sea, on summit of which there are two boulders. 


(Abstract, p. 861.) 


Plate X. No. 42, Shows the largest of these boulders, projecting 
2 feet beyond edge. of precipice, and sloping down towards N.W. 
at an angle of 15°. The. smaller boulder lies on a rocky surface 
sloping down W.N.W. (Abstract, p. 861.) 

Plate X. No. 43. Rocky knoll, near. base. of above hill, with a 
cluster of boulders on it, showing that uppermost. boulder had come 
from west. (Abstract, p. 861.) 

Plate X. No. 44. Loch Maree.—On hill to wet of hotel, a 
boulder near top on west slope, butted against rock at its east end. 
(Abstract, p. 862.) 
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APPENDIX IL 


SuMMARY OF Facts CONTAINED IN THE AnnvuaL Reports oF 
THE COMMITTEE, AND OF INFERENCES APPARENTLY DEDUCIBLE 
FROM THESE F Acts, BEARING ON THE QUESTION, BY WHAT 
Acrnoy BovuLDERS WERE TRANSPORTED TO THEIR PRESENT 
SITEs. | | 


I. Distribution of Boulders in Scotland, 


It might be possible to extract from the Reports, approximately, 
the numbers of boulders in each county, so far as made known to 
the Committee. But these numbers would give a very incorrect 
idea of either the prevalence or the paucity, originally, of the 
boulders in different parts of Scotland,—first, because counties vary 
extremely in size ; second, because from some counties the informa- 
tion sent was more copious than from others ; third, because in some 
counties, where agricultural improvements have been extensive, 
boulders in thousands have long ago. disappeared, by wholesale ex- 
tirpation. | 

In the absence of precise statistics, it may be stated generally, 
that there is no Scotch county where boulders do not exist, and 
that on all the islands, including the Hebrides, Orkney, Shetlands, 
and the Fardes, boulders are found. 

If, however, an opinion on this point is of any value, the Convener 
may say, that having visited two-thirds of the Scotch counties, to 
inspect and search for boulders, he considers that they are in much 
larger numbers on the West Coast, and the hills adjoining the West — 
Coast, than on any other district of the same extent. 
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II. Size or Weights of Boulders. 


It will be seen from the Abstract, and still more from the 
Annual Reports, that the dimensions of the boulders, when of con- 
siderable size, are tu most cases there given. But in this Summary, 
it may be sufficient to refer to cases of boulders made known to the 
Committee exceeding 100 tons in weight. 

The element of large size or weight has some bearing on the ques- 
tion, What could be the agency by which boulders were transported ? 
especially if it appears that many were transported great distances, 
and across valleys and hill ranges, as to fulfil these conditions 
the transporting agent would require to be of peculiar power and 
magnitude, 


EXAMPLES oF BovunpErs ExceepiIna 100 Tons WEIGHT. 


1. On Mainland. 


Aberdeenshire—Chapel Garioch, boulder 250 tons (Abstract, p. 771). 
Kemnay, two boulders, 270 and 380 tons (Abstract, 
p. 771). 

Argyleshire—Kilhenzie, boulder 150 tons, } 
Loch Goil, ,, 300 
LochLong, ,, 380 ,, 
LochFyne, ,, 286 ,, 
Gareloch, 

LochAwe, ,, 130 ,, (Abstract, p. 777). 

» 136 ,, (Abstract, p. 778). 
Loch Killesport, two boulders, 106 and 300 tons 

| (Abstract, p. 778). 

Loch Killesport, boulder 2770 tons (Abstract, p. 779). 
| “ 520 ,, (Abstract, p. 779). 


93 | 


(Abstract, pp. 77 5, 
776). 


99 
Clach Briach 138 ,, (Abstract, p. 779). 
Taynish, two boulders, 108 and 116 tons (Abstract, 
p. 780). 


Appin, two boulders, 124 and 292 tons (Abstract, p. 784). 
Loch Creran, two boulders, 280 and 380 tons 
(Abstract, p. 784). 
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Ayrshire—Loch Doune, boulder, 444 tons (Abstract, p. 785). 
Girvan, two boulders, 100 and 180 tons (Abstract 
p. 785). 
Ardrossan, boulder, 320 tons (Abstract, p. 785). 
Culmonell, two boulders, 326 and 552 tons i bstract, 
p. 786). | 
Dumbartonshire—Loch Lomond, boulder, 246 tons (Abstract, p. 795). 
Inverness-shire—Dochart, boulder (?), 1950 tons (Abstract, p. 828). 
Ben Nevis, _,, 118 ,, (Abstract, p. 825). 
Clachnaharry, boulder, 100 ,, (Adstract, p. 833). 
S.W. of Inverness, boulder, 310 tons (Abstract, 
p. 834). | 
Loch Clachan, boulder, 218 tons (Abstract, p. 835). 
- Morayshire—Craig, boulder, 652 tons (Abstract, p. 834). 
Dallanossie, boulder, 360 tons (Abstract, p. 834). 
Perthshire—Aberfeldy, boulder, 600 tons (Abstract, p. 855). 
Doune, » 900 ,, (Abstract, p. 857). 
Fortingall, ,, 300 ,, (Abstract, p. 857). 
Pitlochry, ,, 800 ,, (Abstract, p. 859). 
Renfrewshire—Kilbarchan, boulder (?), 300 tons (Abstract, p. 859). 
Ross-shire (West Coast)—Glenelg, boulder, 280 tons (Abstract, 
p. 860). 
Stirlingshire—St Ninians, boulder, 200 tons (Abstract, p. 872). 
Landrick, ,, 360 ,, (Abstract, p. 873). 
Sutherlandshire—Golspie, ,, 120 ,, (Abstract, p. 874). 


2. On Islands. | 

_ In Arran—boulders respectively of 212, 362, 184, and 620 tons 
(Abstract, pp. 791, 792). 

Coll Island—boulder of 308 tons (Abstract, p. 811). 

Iona—two boulders, 400 and 190 tons (Abstract, pp. 808, 809). 

Barra—boulder of 890 tons (Abstract, p. 813). : 

South Uist, Boisdale, boulder, 146 tons (Abstract, p. 815). 

Shetlands—(Lunnasting), two masses of rock (supposed to have 
been carried some distance), respectively 1466 and 670 tons 
(Abstract, p. 869). 

If cases of boulders (say) above 50 tons, had been enumerated, 
the number would have been at least twenty times greater. 
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III. Shapes of Boulders. 


Two classes may be specified—(1) angular and rough, (2) rounded 
and smooth, on the surface. i 

In all the Scotch counties, both of these classes exist;—with this 
distinction, that the second class are generally embedded in drift, 
whilst the first are mostly, at all events, how, on the surface of 
the district (Abstract, pp. 849, 850). 

If, as may be assumied, the erratic blocks referred to in the Com- 
mittee’s Reports were originally fragments from rocks in situ, then 
it is probable that the most rounded are those which have — 
most “wear and tear” by transportation. 

Boulders of both classes, have often a long and a short axis — 
smooth boulders more frequently so, than others. The latter are 
also frequently ‘‘Pear-shaped,” indicating that one end has probably 
undergone more friction than the opposite end. See, as an example, 
“ Dana boulder,” on p. 781 of Abstract. 

Iv such cases it has also been observed that when one end is 
smooth and sharp-pointed, the opposite end is generally square or 
rough. 

IV. Particular M arkings on Boulders. 

On some Boulders there are occasionally grooves, ruts, stria, 
and scratches upon their surface when smooth. 

The incisions generally form lines approximately parallel with the 
longer axis of the boulder. They may occur on one or more of the 
sides, z.e., along the upper, lateral, and under surfaces. 

Examples of marks on the under surface will be seen by referring to 
the Abstract, p..769 (Aberdeen); p. 808 (Iona) ; p. 845 (T'ynecastle) ; 
and p. 847 (Alnwick Hill). 

It has been thought, that from a close examination of ruts 
and strie, whether on boulders or on rocks, the direction of 
the striating agent can be inferred by observing at which end 
the strie have been most deeply cut. In multitudes of cases 
it has been observed, that the striz are more deeply cut at one 
end, whilst towards the other end they gradually thin away and 
disappear. In explanation of this fact, it is suggested that hard 
pebbles or stones, acting as incising tools, would, in advancing along 


| e 
| 
| | 
| 
| 
, 
| 
} 
| 
t 
i 


of Edinburgh, Session 1883-84. 889 


the surface of the boulder or the rock, become blunted under severe 
pressure, and be at length crushed to pieces. | 

In the Tynecastle boulder, striee were seen on both the upper and 
the under surface. Those on the upper surface showéd incision 
from a westerly point; those on the under surface, showed incision 
from an easterly point, judging by the test before referred to, If 
the boulder had been pushed over sharp rocks from the westward, 
the ruts on the lower surface would, according to that test, show 
that they had begun to be formed at the east 6nd. After the 
boulder had become fixed in position, a drift of hard shingle pass- 
ing over the top from the west would produce striv beginning at 
the west end.. 

It is evident that strize could be formed less easily on the vertical 
or lateral sides of a boulder than on the upper or under sides, as 
the incising pebbles might not, in thé first case, so edsily continue to 
move in a horizontal direction. One boulder is mentioned wheie 
strie were seen on both sides of the boulder—thése sides meet- 
ing at, and radiating from, a point at oné end, as shown in the 
woodcut on p. 802 of Abstract. The case is interesting on account 
of its bearing on the agency which produced the strias, as it must 
have been such as to be capable of being separated into two 
currents when it reached the boulder, in which case a current 


would flow along each side, pushing and pressing drift on the 


surface of the boulder as it passed. | 
It is proper also to notice, as bearing on the sanie question, that 


boulders sometimes show two sets of striz, the one set crossing the _ 


other obliquely, indicating a change in the direction of the striating 
agent, or else in the position of the boulder. The case, for example, 
on page 844 of Abstract, shows one set of strie running N.N.W., 
and the other W. by 8. (Easter Duddingstone). 


As the study of striations may throw light on the nature of the 


transporting agent, it is right to take notice of striations on solid 
rocks; for if there are on them two sets of striations crossing one 


another, the cause must be ascribed either to a change of direction 


in the movement of the striating agent, or to the advent of another 
striating agent from a different quarter. | 


Examples of two sets of striae on a rock surface will be seen in - 


Abstract, p. 839 (Glasgow) and p. 849 (Carden Hill). 
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That the striations on rocks were produced by an agent, the same 
as, or similar to, that which caused striation on boulders, is evident 
from the multitudes of cases where there are striated boulders and 
striated rocks close to or near one another, the direction and 
appearance of the striz on both being generally the same. 

Great numbers of rock striations occur in the Hebrides, most of 
which are described in the Fifth Report. Thus (at p. 816) an account 
is given of smoothed rocks at Jocdar, on which there are twelve or 
fourteen deep ruts, some of them 4 or 5 feet in length. One 
measures 8 inches across and 2 inches in depth, and there are others 
of similar width and depth,—the ruts being in all cases deeper and 
wider at their west than at their east ends. In the Lewis, at Vig and 
Carlowrie (Abstract, p. 819), similar cases occur; also Kilmory 
(Abstract, p. 780), Buteshire (Abstract, p. 791). 

These rock striations are found not only on .urfaces more or less 
horizontal, but also on surfaces which slope, and even on surfaces 
which are vertical. 

As examples take the two following cases :— 

1. In Bude, there is a rocky defile, about 30 yards wide, at Barone 
Hill (Abstract, p. 793), through which boulders and drift materials 
have evidently passed. One side of this defile presents extensive 
smoothings, on which there are ruts, some of them 12 feet in length, 
and more deeply cut into the rock; at the end where the striating 
agent entered the gorge, viz., the N.W. The direction of movement 
is farther shown by the fact; that from that end the ruts slope 
upwards at angles of from 20° to 30°, the result, no doubt, of the 
force with which the materials were pushed or driven through the 
gorge (Seventh Report, p. 19): 

2, Another example occurs on the west side of Arthur's Seat, 
Edinburgh, as explained in Abstract, p, 843. Boulders and other 
drift materials had passed through this gorge, which is only 
about 10 yards wide. A boulder sticking on one of the sides was 
striated on its exposed side. One of the rocky sides also presented 
numerous striations,—some of them 6 feet in length, and 4 of an 
inch deep. At the narrowest part of the defile, where there would 
be the greatest difficulty in forcing a passage, the striz are rising 
up at an angle of 4° or 5° from the end where the materials had 
entered the defile. | 
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V. Particular Positions of Boulders. 


Explained under the following heads :— 


1. In beds of clay, gravel, and sand. 
2. On the surface of the country. 
| a. Lying on flattest side. 
6. Standing on end. | 
c. Butted against rocks or resting on other boulders. 
d. Resting on steep slopes of hills. 
é. Resting on ridges and tops of very high hills. 


1. Embedded in Clay, Gravel, or Sand. 


In Aberdeenshire a boulder of 8 tons found in a bed of sand 
(Abstract, p. 769). 

In Ayrshire, large boulders found in a bed of sandy mud ata 
depth of 18 feet, the boulders being covered with Balani and 
Serpule (Abstract, p. 786 (3)). , 

In Renfrewshire, near Paisley, boulders in clay beds, found with 
Balani, which had grown on them (Abstract, p. 860). 

On an island in Loch Lomond, a bed of boulder clay occurs con- — 
taining Arctic shells. 

In Arran, beds of boulder clay occur, with blocks and dhe 
shells (Abstract, p. 793.) 

In Aberdeenshire, thick masses of unstratified pebbly mud occur, 
with stones and Arctic shells, most of them broken, but some entire 
(Abstract, p. 772). 

In the Lewis, at several places, boulder clay occurs, with 
boulders and fragments of sea-shells (Abstract, p. 821). 

In Caithness, at Keiss, Wick Bay, and Scrabster, there are beds 
of boulder clay and drift, containing shells and stones, some of which 
are scratched; one boulder in the Wick clay bed is 12 feet in 
length (Abstract, p. 794). 

In the Orkneys, the islands of Eda, Sanday, Stromsa, Shapinshay, 
and Ronaldshay present clay beds containing boulders foreign to the 
islands, and marine shells, most of them broken or striated, as well 
as the boulders (Abstract, p. 853). 
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The cases of boulders, with Balani and Serpule found on them, 
have been explained by supposing that after these fish had grown on 
them the boulders were lifted by floating ice and dropped elsewhere 
(Abstract, pp. 786 and 860). 


3 2. Boulders on Surface of the Country. 

(a) Boulders 1) ying on flattest side occur so frequently that it is 
not necessary to quote cases, | 

(b) A less frequent case is when boulders occur standing on end. 

This observed occasionally, when boulders embedded in clay or 
sandy mud (see ELstuary of Forth, p. 99, and Hd. Roy. Soc. Trans., 
vol. xxvii. p. 630, and Ramsay’s Physical Geology, p. 155). 

Also observed on open surface of the country; when the 
boulder leans against a rock, as at Iona, in the case of the large 
boulder at Dun I ;—and of a small boulder near south end of island 
(Abstract, p. 808). 

(c) Bulted against rocks, or resting on or against other boulders, 
See such cases mentioned (Abstract pp. 773, 780, 793, 808, 810, 
812, 818, 836, 861, 862). | 

(d) On steep sides of hills. 

In Abstract, p. 825, there is notice of an isolated hill (Treshlik 
Hill), on an exceedingly steep side of which a large boulder rests 
(Lithograph No. 31, Plate X.). 

In Abstract,p. 834, there is notice of another isolated hill in Flichity 
valley, on which there are several boulders precariously situated, 
because of the steepness of the hill-side (Lithograph No. 32, Plate X.). 

In Abstract, p. 824, a remark by Professor Duns is referred to, with 
regard to some granite boulders lying on a part of Ben Nevis, where 
the mountain slopes down so steeply, ‘‘as to make it a puzzle to 
understand how they can remain in position.” _ 

In Abstract, p. 856, see similar cases, on Bochastle Hill and Clunie. 

In Abstract, p. 862, notice will be found of a large boulder resting 
on.a slope at an angle of so much as 47°. 

(ce) On tops of hills. 

In Aberdeenshire (Ballater), boulders of granite and gneiss are on 
the summit of a hill, at height of 2963 feet; there being no rocks 
of that nature in situ on the hill (Abstract, p. 770). 7 

In Aberdeenshire (Braemar) there are boulders on tops of hills 
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reaching 2700 feet and 3587 feet above the sea (Abstract, pp. 770 
and 771). 

In Inverness-shire, at the heights of 2000, 3000, and 3155 feet, 
Lochaber (Abstract, pp. 824, 826, and 827) ;—of 3425, Albannach 
(Abstract, pp. 828, 829); 3407, Schehallion (Abstract p. 830). 

In island of Mull, a boulder on the top of Spyon More, at a 
height of 2435 feet above sea (Abstract, p. 808). 

In Kirkeudbrightshire, at a height of 2764 on summit of Merrick 
(Abstract, p. 837). 

In Glencoe district, boulders found on summits and peaks of 
Aonach and Eagach, and Meal Dearg, at height of 3110 feet above 
sea. Professor Heddle remarks that “these boulders lay on a ridge 
not many times wider than their own bulk,” and “ cccupy positions 
much higher in level than any of the hills in a very wide extent of 
country, so that it is difficult, if not impossible, to adopt for them 
the explanation of any local glacier” (Abstract, p. 830). 

The following are cases where boulders are on tops of hills of less 
height above the sea than in the cases just mentioned ; but, being 
higher than any other hills in the district, they present a feature similar 
to that just noticed by Professor Heddle. As examples of these, re- 
ference is made to boulders on Hast Loch Tarbert (Abstract, p. 775) ; 
Inverary and Loch Awe (Abstract, p. 777); Islay Island (Arnahoo) 
(Abstract, p. 806); Forfarshire (Abstract, p.801) ; Lochaber (Abstract, 
p. 825); Kirkcudbright (Abstract, p. 837); Midlothian (Abstract, 
p. 840); and in Sutherlandshire (Abstract, p. 875). Similar cases of 
boulders perched on very precarious positions probably occur in 
Skye, judging by what is said of them by Mecoulloch and Forbes 
(Abstract, P. 822). 


VI. Cases where Parent Rocks of Boulders have almost certainly 

been ascertained. 

1. In Berwickshire, granite, sienite, porphyry, and whinstone 
boulders are clearly traceable to hills situated several miles to 
the westward (Abstract, pp. 787, 788, 789, 790). 

2. In Roxburghshire there are similar cases (Abstract, p. 865), 


in some instances the parent rocks being at least 20 miles to. 


the westward. ; 
3. In Peeblesshire, a quartz boulder, with much probability referred 
to beds of quartz about 80 miles to the westward (Abstract, p. 855). 
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4. In Haddingtonshire, Isle of May, and Inchkeith there are 
granite boulders which must have been carried at least 100 miles 
from westward (Abstract, pp. 801 and 802). 

5. In Midlothian there are numerous cases of granite and other — 
boulders, which must have been carried 50 to 80 miles from west- 
ward (Abstract, pp. 840, 844, and 847). | 

6. In Linlithgowshire cases are mentioned of whinstone and 
Conglomerate boulders carried from westward (Abstract, pp. 839, 840). 

7. In Aberdeenshire, granite blocks from hills situated many 


miles distant to N. and N.W. (Abstract, p. 769 and 770). 


8. In Forfarshire, mica schist boulder from rocks 17 miles to 
W.N.W. (Abstract, p. 801). 

9. Inverness-shire, granite boulders at and near Loch Tulla traced 
to hill 10 miles to westward, also near Inverness (Abstract, pp. 
828, 832, and 833). | 

10. In Argyleshire (Kerrera, Easdale, and Lismore), granite 
boulders, referred to sources situated to the north, across the sea 
(Abstract, p. 783). 

11. In the Lewis, granite boulder from Barvas Hills, situated to 
N.W. (Abstract, 820). 

12. In Perthshire, a Conglomerate boulder, weighing 900 tons, 
carried about 7 miles from westward (Abstract, p. 857). 

13. In Stirlingshire, numerous cases of Conglomerate boulders in 
different localities, carried from 10 to 20 omnes from westward 
(Abstract, p. 873). 


14. In Glencoe, boulders which must have come down valley, viz., 
from S.E. (Abstract, p. 830). . 

15, In Morayshire, Nairn, Elgin, and Ross-shire, boulders of Con- 
glomerate, and various kinds of granite, which have travelled 10 to 
30 miles from westward (Abstract, pp. 798, 848, 851, and 852). 

16. In Buteshire (Cumbraes), boulders of Conglomerate from N. W. 
(Abstract, p. 791). | 
_ 17. In Kirkcudbrightshire, Criffel granite boulders carried S.E. even 
to Cumberland and Lancashire (Abstract, pp. 796, 797, and 838). 


VII. Special Facts indicating direction in which Transporting 
Agent moved. 


1. Longer a axis of boulders and - op ends of boulders generally 
point north-westward. 
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The cases showing this, which are mentioned in the Reports and 
Abstract, are so numerous that they need not be particularised. 

Testimony to the north-westerly direction from which boulders 
in Scotland have been carried, is given by the following geological 
authorities—Professor Geikie (Abstract, p. 841); Sir Roderick Mur- 
chison (Abstract, p. 795); Charles Maclaren (Abstract, p. 840) ; Robert 
Chambers (Abstract, p. 876); J. F. Campbell (Abstract, p. 815) ; 
J. F. Jamieson (Abstract, p. 795); Professor Harkness (Abstract, p. 
797); W. Jolly (Abstract, p. 799); Mr Anderson Smith (Abstract, p. 
776); John Young (Glasgow University) (Abstract, p. 839) ; James 
Croll (Abstract, p. 841); T. Hay Cunningham (Abstract, p. 838). 

In the Zewis there are kaims or escars on a very large scale,— 
continuous for several miles, whose north-westerly direction, and 
numbers of boulders lying upon them, suggest the idea that they 
may be due to the same agency which has esercalans the boulders 
(Abstract, p. 820). 

2. But whilst a movement from north-westward is very general 
in Scotland, it is right to notice exceptional cases. 

In Loch Long and Loch Fyne there has been a movement from 
N. or N. by E. (Abstract, p. 774, 775). In Islay (Abstract, p. 806). 
Buteshire (Abstract, p. 791). 

In Morayshire and Elgin Mr Jolly points out two streams, one 
from 6° S. of west,—the other from 15° N. of west (Abstract, p. 799). 

In Perthshire (Dunkeld) the direction of the strie on the 
rocks at a high level is from N.N.W.,—whilst at a lower level, in 
the same valley, it is from N.E. (Abstract, p. 857). In the Lewis a 
similar case occurs;—the direction of the movement at a high level 
being from W.N.W.; and at a low level, in the same district, from W., 
or even W.S.W. (Abstract, p. 819). In Assynt, whilst the normal 
direction is N. 60° W., the direction changes to due north, caused (as 
Chambers supposes) by the interference of a hill (Abstract, p. 875). 

So also near Gairloch, whilst the normal movement is from 
W.N.W., as shown by boulders and striz, there is a locality among 
the hills, where the movement is shown to have been from W.S. W. 
(Abstract, p. 861). 

Cases have already been noticed, where there are two sets of striee 
crossing one another. Thus in Morayshire (Abstract, p. 849) the 


N.W. strice are crossed by cthers of a later date coming from N. 
by E. 
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Near Glasgow there are rock surfaces presenting two sets of striz, 
one implying a movement from the N.W. and N.E. respectively 
(Abstract, p. 838). 

These different directions in the lines of strize may, in some cases, 
indicate two separate agencies, moving independently of one another 


at different periods. But it is also possible that the same agent 


might be deflected from its normal direction by local conditions. 
An example of such a deflection is given by Sir James Hall, in his 
well-known paper on “Revolutions on the Earth’s Surface” read by 
him in the year 1812, and printed in the 7th vol. of the Hd. Roy. Soc. 


Trans. He names a locality (p. 196), where “the rock presents 


furrows and scratches similar to those on Corstorphine Hill,’—but 
where “‘the action of the stream has undergone a wsible modijica- 
tion, by the prominent form of some parts of the rock, in conse- 
quence of which the dressings have in some places been turned 
to the amount‘of 5° or 6° owt of the general direction, which, how- 
ever, they resume gradually in the course of a few yards,” 

In Haddingtonshire, whilst the normal direction is generally 


from W.N.W. on horizontal rock surfaces, the movement slightly | 


changes where the striating agent struck upon, and had to pass 
over, a rock which sloped. For example, at Linton, on a rock 


_ surface sloping down due north, at an angle of 35°, the direction 


on that surface is E. and W. (Abstract, p. 803). 

At the railway cutting, not far from Linton, the rock surface 
slopes down due north, at an angle of 10° to 20°; and the opposing 
rock surface being here of considerable extent, the direction of the 
strie is E. 15° N. (Abstract, p. 803). 

On North Berwick Law the mnedthed rock surface dips. down 
N. 10° W., and the direction of the strie is E. 22° N. (Abstract, 


805). 


3. Another set of’ facts, bearing on the direction § in which the 
transporting agent has moved, is the position of individual boulders. 
A very large proportion of boulders have been lodged on the west 
slopes of hills. Many are butted up against rocks, or lying on other 
boulders, in a way which shows that they came from the westward. 
4. Another fact has been observed, which shows that there has been 
a general movement over this part of Europe from a westerly point. 
Thus in describing the beds of boulder clay in the neighbourhood 


4 
i 
| 
i 
1 
i 


of Edinburgh, Session 1883-84. 897 


of Edinburgh, the Rev. Dr Fleming cites different localities where it 
clearly appears that the materials composing the boulder clay, had 
been by some extraneous agency pushed fowards the east; and 
pushed so violently, that the strata of rock covered by the boulder 
clay had their edges broken off, and carried towards the east (Litho- 
logy of Edinburgh, pp. 52 to 60). 

In like manner, Professor Geikie says that “the mass of the 
boulder clay (in the basin of the Firth of Forth for instance) con- 
sists of the comminuted debris of the Carboniferous and other rocks 
which form the framework of the district. We can also gather 
that this loose fragmentary matter has moved from west to east. In 
the upper part of the basin of the Firth of Forth the coal fields are 
covered with red boulder clay, abounding in fragments of the rocks 
that lie towards the N.W., and deriving its prevalent tint from the 
waste of the Old Red Sandstones, and stretches up to the foot of the 
Highland mountains” (Glacial drift, p. 805). 

5. If the foregoing data are sufficient to establish the general 
fact that the transporting and striating agent has moved in most 
parts of Scotland from the north-westward, the question arises, What 
was that agent? - 

In regard to boulders in Forfarshire and ‘Aberdeenshire, it 

might be inferred that they were brought by glaciers from the 
Grampians and other mountainous districts there. But some of 
these boulders are at such heights as to suggest doubts whether 
any glacier could have been generated at such a level as to bring 
these boulders. Moreover, several of the Forfarshire boulders, if 
they came from the mountains to the west, must have crossed 
valleys and ridges of hills, which would have seriously obstructed 
the flow of a glacier (Abstract, p. 801). . 
- In some districts, however, there is undoubtedly evidence to 
establish glacier action ;—as in Glencoe (Abstract, p. 830). Professor 
Heddle and Mr Livingstone satisfied themselves of the existence 
of one or more glaciers on the west flanks of Ben Nevis, though 
Mr Livingstone sees difficulties which he cannot explain (Abstract, 
p. 824). Professor Duns seems also to recognise the probability of 
a Ben Nevis glacier (Abstract, p. 824). In Nairn Valley there are 
also appearances which suggest the agency of a local glacier 
(Abstract, p. 835). Loch Skene is another case (Abstract, p. 796). 
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In Glen Etive and Loch Etive there are indubitable traces of 
glacial action at a low level, moving from Loch Awe (Abstract, 
p. 782). 

But in Inverness-shire there are boulders, reported on by Pro- 
fessor Heddle, which, as they must have crossed deep valleys, floating 
ice must be preferred for agency of transport in these cases (AbD- 
stract, p. 829). See also Ruberslaw (Abstract, p. 866); Shetland 
(Abstract, p. 869). Forfarshire (Abstract, p. 801). Sutherland 
(Abstract, p. 875). 

That at the Boulder period floating i ice of some kind existed can 
scarcely be doubted. 

The confident testimony of Dr Chambers, Professor Nicol, and 
Mr Jamieson, that the positions of the boulders and the direction of 
the rock striations on the north-west coast are inexplicable, except 
on the supposition that the transporting and striating agent came 
there from the sea, scarcely leaves room for doubt (Abstract, 
p. 795). 

The transport of boulders from the eel is especially interest- 


ing in those localities on the north and north-west of Scotland, 


where towards the west there is nothing but open sea. | 

Thus, on the islands of Tiree and Coll, and at Borve on the 
west coast of Harris, the boulders are in such positions, that to 
reach these positions they must have come across the sea. | 

In the Shetlands and Orkneys there are on almost every island 
boulders which, differing in mineral constituents from the rocks of 
the island, must have been transported across some portion of sea; 
and accordingly Messrs Peach and Horne, who have lately explored 
the geology and the glacial phenomena of the islands, give a decided 
opinion that on these islands land glaciers were not the transport- 
ing agent. They say that in the Orkneys “ the islands must have 
been overflowed by ice ;”—ice which “ originated beyond the limits 
of Orkney” (Abstract, p. 855). So also of Shetland, they say that 
‘it must have been at one time smothered in ice” —“ originating far 
beyond the sphere of Shetland” (Abstract, p. 871). | 

With regard to the direction of the movement of the transporting 
agent in Shetland and the Orkneys, there is not the same 


uniformity as on the mainland of Scotland. In the island of 


North Unst, the northernmost island of Shetland, the direction is 
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from W.N.W. (Abstract, p. 870). On the island of Papa Stour 
there are blocks which apparently came across St Magnus Bay from 
a N.E. direction (Abstract, p. 867). Butin other cases the boulders 
on the islands must have been floated from many different directions. 

It is also proper to notice the fact, that in some of the islands of 
the Hebrides, and even on portions of the west coast of the Main- 
land, the positions of the boulders indicate a movement, not from 
W.N.W. (the normal direction for Scotland generally), but from N. 
or N. by E,, as in Islay (Abstract, p. 806), in Iona (Abstract, p. 
808). Loch Fyne (Abstract, p. 777) ; — (Abstract, p. 773). 
Buteshire (Abstract, p 791). | 

But these exceptions do not greatly detract from the value of the 


generally concurring evidence, everywhere else, of a direction from 
W.N.W. 


It is also an important circumstance that the part of Scotland | 


where the boulders are largest, heaviest, and most numerous, is 
along the west coast (see p. 886). If floating ice brought boulders 
across the Atlantic, the first place where boulders would be dis- 
charged would be where the sea bottom rose high enough to inter- 
rupt the progress of the ice. The ice carrying the largest and heaviest 
boulders would most probably strike the sea bottom soonest ; whilst 
the ice carrying smaller cargoes would flow on, till these reached the 
submarine rocks which now form the present inland mountains. 

As bearing on the question, whether land ice or sea ice was the 
transporting agent, another circumstance brought out in the Reports 
must be kept in view. Some boulders on the tops and ridges 
of mountains are at heights far above what could be reached by 


a glacier having its birthplace in any adjoining district. Such 


are the boulders at heights exceeding 3000 feet; and even when 
at lower heights, it would be necessary, for upholding the glacier 
theory, to have mountains pointed out where glaciers could have 
been formed, and with a valley through which the glacier could have 
flowed in the direction of the boulder. But even if this difficulty of 
levels could be overcome, there is still another in explaining how a 
glacier could set down on the very tops of hills, or on excessively 
steep slopes of hills, boulders which are frequently seen in these 
critical positions. 


Floating ice stranding on mountain tops or slopes, might, by 
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gradually melting, allow boulders to obtain these singular lodg- 
ments, 

Of course, if the theory of floating ice be adopted, the position 
of boulders at heights of 3000 feet implies a sea which must 
have stood at that height, or more, above the present sea-level in 
Britain. In that supposition there is no improbability. Moreover, 
beds of sand, mud, and gravel (proofs of marine conditions) actually 
exist in several parts of Perthshire, up to a level of 1500 feet, 1600 
feet, 2000 feet and more (Abstract, pp. 857, 858) ; on Ben Cruachan, 
up to 2000 feet (Abstract, p. 783) ; in Glencoe, up to 2000 feet (Ab- 


stract, p. 830); and on Schehallion, at a height of 3000 feet 


(Abstract, p. 858). The Ordnance surveyors reported drift beds at 
a height of even 3800 feet (Abstract, p. 831, footnote), _— 
on gravel andsand at 1200 feet (Abstract, p. 832). 

In Scotland, sea-shells—and generally of an Arctic type—have 
been found in clay or gravel beds up to a height of about 520 feet 
above sea-level. In several parts of the west of England these 
shells occur in similar deposits up to a height of about 1200 feet, 
and in Ireland (near Dublin) up to a height of 1400 feet above 
sea-level. At the time when the sea stood at either of these 
heights in England and Ireland, it could not with any probability 
have been lower in Scotland. — 

Allusion has been made to deflections in the dizection of the 
transporting agent, when it struck upon rocks, which slope towards 
certain points, and at different angles. These deflections can be 
understood and accounted for on the supposition of an oceanic 
current with floating ice. For by flowing over a rock, which 
obstructed its normal progress, the current might be deflected from 
its usual course. These deflections it would not be easy to explain 
on the theory of solid land ice moving over the country. 

Another circumstance favouring the theory of an oceanic current, 
with floating ice, to account for the movement of boulders, and the 
striation of both boulders and rocks, is the presence of marine shells, 
of Arctic types, in beds of drift containing boulders. In most 
of the cases referred to some of the shells have been crushed, 
whilst others are entire and unhurt. What more probable ex- 
planation can be given of these facts, than that masses of ice float- 
ing on a sea current would, on touching the sea bottom, discharge 
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their cargoes of rocks and rubbish, and at the same time plough 
through the sea bottom, pushing forward boulders, and crushing shell 
fish? (See p. 891.) 

It is a fact confirmatory of this view, that beds of boulder clay 
never show stratification, and that, moreover, in respect of colour 
and materials, they closely resemble hardened or compressed mud, 
apparently composed of the debris of rocks which had. undergone 
disruption and friction by some extraneous agent. Boulder clay 
is found everywhere in Scotland,—so that there must have been one 
general agent instrumental in forming the deposit ; and it is difficult 
to conceive a more probable agent than sea currents, with floating 
ice, grinding and grating over submarine rocks, 

Another circumstance (shown in the Committee’s Reports) 
indicates oceanic agency, viz., the uniformity all over Scotland of 
the direction of the strie on rocks and boulders, and of the 
direction of the longer axis of boulders. In almost every part of 


Scotland there has manifestly been some agent of immense power, © 


which has been for a long period passing over from the W.N.W. 
What other agent would produce these concurrent effects over a con- 
siderable portion of the earth’s surface than a great oceanic current ? 

No such effects are likely to have been produced by an ice- 
sheet however gigantic, or still less by local glaciers. 

The deflections from that normal direction, which are mentioned 
in the Reports as occurring in some localities, are not only not incon- 
sistent with the theory of an oceanic current, but are just what 
might be expected, inasmuch as when currents flow over a bed 
which contains obstructions, eddies and deflections are produced, so 
_ that these partial deviations from the normal direction strengthen 
rather than weaken the theory of a great sea current. 

There are also two districts crossing Scotland where the movement 
has been, by some special cause, deflected from the normal N.W. 
direction. In the low-level district between the Firths of Clyde and 
Forth, where the highest point is about 150 feet above the sea, the 
direction is about due E, and W. (Abstract, pp. 847 and 872). So 
also in the valley crossing the south of Scotland, the east part of 
which is occupied by the River Tweed and its tributaries, and the 
west part by the Rivers Liddell and Esk, the direction as shown by 
boulders, and by striations on rocks, is from W.S.W. in the western 
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districts (Abstract, p. 865), and N. 10° W. (Abstract, p. 790) in the 
eastern districts. | 

These deflections from the normal direction, both on the west 
coast and in the two districts across Scotland just referred to, can be 
explained on the theory of a N.W. oceanic current. The current, 
on reaching what are now the high mountains of Argyleshire, might 
be deflected there into a more southern direction ; and when the 
current reached the two valleys referred to, it might be drawn 
through them by the absence in them of any obstruction. | 

That some oceanic current has passed through the southern valley 
seems evident from the numbers and direction of the kaims in 


Roxburghshire and Berwickshire (Abstract, pp. 865 and 790). 


The Convener (in a paper in the Hdin. Roy. Soc. Trans., vol. 
xxvii. p. 44) ascribed the formation of these kaims to oceanic action 
through a submarine channel, formed by a range of hills on each 
side ; and in support of his view he referred to the following passage 
in Professor Geikie’s work on the Great Ice Age (p. 248), where he 
observes, that “when we note that strings of gravel ridges and 


mounds may sometimes be followed up one valley, across the 


dividing col, into a totally different drainage system, we cannot but 
conclude that ordinary river action is out of the question as an 
explanation of the phenomena. In the present state of our know- 
ledge we appear to have no alternative but in such cases to admit 
the marine origin of such kaims.” 

These Berwickshire and Roxburghshire kaims present features 
similar to the kaims of the Lewis (Abstract, p. 819), except that the 
agent which formed them moved in a different direction, owing to 
the difference of the conditions which influenced the current in the 
respective localities. | 

6. A question may be asked, that if there existed both local glaciers 
and floating ice, as agencies for the transport of boulders and the | 
striation of rocks, which of these agencies was first in operation ? 

The data are too scanty to allow of this question being answered 
with any confidence. | 

In the Abstract, p. 831, where reference is made to Glencoe, and in 
Abstract, p. 835, where reference is made to Farr, it will be seen that 
an opinion is offered that glaciers existed first, and that submerg- 
ence of the country took place afterwards. 
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7. It remains to notice what light is thrown on the subject by 
the Farde Islands, 

As Professor Geikie is satisfied that glaciers, or an ice sheet of 
some kind, existed, capable of glaciating the rocks and moving 
boulders, that view, entertained by an observer of so much 
experience and intelligence, will be at once accepted. 

But the farther question arises, Whether there is evidence of © 
there having existed also, at some other period, the agency of 
floating ice ? 

Professor Geikie does not admit that there § is 5 ouch evidence; and | 
it has to be confessed that only one place on the islands has as yet’ 
been pointed out where such evidence is alleged to exist. 

Mr Allan having drawn attention to the peninsula of Eide, 
as presenting rock smoothings and striations similar to those 
pointed out by Sir James Hall on Corstorphine Hill, Dr Robert 
Chambers, when he visited the Fardes forty years afterwards, 
went to Eide, on purpose (as he says) to study the appearances 
which Mr Allan had only generally described. He states that 
he “looked narrowly for the strie or scratches;” and saw that 
“they presented themselves in abundance in several places;” and 
he says that he was satisfied that they were “all directed from 
the north,” 

Professor Geikie, in his Memoir, adverting to these same rocks, 
states, they are ‘ se the best preserved roches moutonnées he 
anywhere observed ; ”—but as to the direction in which the smooth- 
ing and striating agent had moved, which Dr Chambers alleged to 
be “from the north,” Professor Geikie states that the striw “ had 
clearly been graved by ice, coming from quite the opposite point of 
the compass” (p. 246). 

The Professor follows up this statement by explaining (p. 261) 
that “the long sound that separates Osterde from Stromée (must 
have) brimmed with ice, which flowed in two directions; north of 
Nordskaale the movement was northerly, while south of the shallow 
part of that sound the ice held on a southerly course.” 

It is unfortunate that thus Professor Geikie and Dr Chambers, 
both of them competent and experienced observers, should have 
given opposite testimonies in this matter. 

The question at issue being, as Professor Geikie states, one of 
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‘‘considerable interest,” it may be allowable to inquire whether any 
circumstances exist calculated to throw light upon it. 

The glaciation and strize on the rocks at Eide were by Dr 
Chambers ascribed to agency which came “from the north,” viz, 
sea-ice. By Professor Geikie these were ascribed to the agency of 


land-ice, filling what is now the sound of Nordskaale, of which 


land-ice, one portion flowed north towards Eide, and the other por- 
tion held on a southerly course, each thus flowing in opposite 
directions from what had once been a col, or head of two separate 
valleys. | | 

(1) There is one circumstance which seems to favour the view 
taken by Chambers, viz., that Mr Allan, when he examined the 
rocks, evidently considered that the agent which produced the 


_markings, was the sea. He adopted for an explanation of 


these, Sir James Hall’s opinion, suggested by the similar | 
phenomena on Corstorphine Hill, viz. diluvial agency. The 
smoothed and striated rocks on the sea-coast at Eide forming a 


- “headland,” as Mr Allan called it, would no doubt seem to him 


well suited to illustrate such an agency. He accordingly takes 
notice of these rocks as “scooped and scratched in a very wonderful 
degree, not only on the horizontal surface, but also on a vertical one, 
of 30 to 40 feet high, which had been opposed to the current, and 
presented the same scooping and polished appearance with the rest 
of the rocks, both above and below.” 

If this be a correct view of Mr Allan’s opinion, he is so far a 
witness corroborative of Chambers. | 

(2) Another circumstance bearing on the question, is the apparent 
difficulty of any glacier being formed which could reach the rocks 
at Eide, glaciated as they are, up to a height of 1302 feet (Abstract, 
p. 879). | | 

The distance of Eide from the col (from which Professor Geikie 


supposes the glacier to have flowed in its northward course): is 


between 8 and 9 miles. At the col (as the map shows) the valley 
is exceedingly narrow, and the hills on each side apparently are not 
so high or so shaped as to afford good gathering ground for a large 
accumulation of ice. The hills there do not seem to be above 2000 
feet high. Supposing ice to have filled the valley there even up to 
that height, and to flow towards the north, would it ever reach Eide? 
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There are two difficulties in the way. first, the map shows 
that between the Col and Hide the valley widens immensely, so 
that the glacier would almost certainly stop and break up at that 
place where there is both breadth and depth. Second, there is no 
gradient along the bottom of the valley from the Col to Hide to 
draw down a glacier, because, as Professor Geikie explains, the depth 
of water in the sound at Hide is much less than at places between 
Eide and the Col (Abstract, p. 880). | | 

In these circumstances, there seems more probability that at this 
_ place the striations and smoothings were made sh sea-ice than by 
a glacier. 

(3) The mouth of the fiord is open towards the north, and 
when the Fardes were 1600 or 2000 feet submerged, there 
would be ample opportunity for floating ice to pass through the 
sound, 

This view is to a certain extent supported - the curious 
circumstance, that in many parts of the Fardes the hills are 
glaciated everywhere below a pretty uniform level of 1600 feet, 
whilst above that level most of them are rough. In that northern 
latitude, if land-ice prevailed generally, so as to produce an ice-sheet 
or local glaciers, one does not see why the hills should not have 
been covered and glaciated to their tops. — 

Moreover, if it is established that to the W. and N.W. of the 
mainland of Scotland floating ice was brought by some north-west 
oceanic current, the fact that the Farées are 2° farther north in 
latitude would bring them the more » renailly within reach of such a 
current, 

8. The conclusion to which the facts set forth in this summary 
lead is, that if boulders were brought to this country by a great 
north-westerly oceanic current, some of these boulders now on our 
hills may, in mineralogical composition, be found to differ from 
_ British rocks; and in that view, it is only right to notice, that two 
geologists, having considerable personal knowledge of British rocks, 
state that boulders have been seen by them in this country, differing 
in mineral composition from any rocks in Great Britain with which 
they were acquainted. One of these authorities is the late Pro- 
fessor Nicol of Aberdeen University (Abstract, p. 841). The other 
is Mr James Plant of Leicester, to whom the English Boulder 
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Committee, in their Second Report (for 1874, p. 197), refer in these 
terms :— 

Mr James Plant reports both ‘isolated boulders and groups of 
boulders, and he recerds one remarkable fact of especial importance, 
viz., that a group of boulders had been exposed in an excavation 
made in Leicester, 25 feet deep, composed of rocks, which Mr Plant 
failed to recognise as British.” | 
If this testimony be verified, the fact would be a parz cases with 

the case of the three plants * found in the Hebrides and the west 
- coast of Ireland, but unknown in any other part of Europe, whose 
native habitat is Boreal America, and whose transportation to our 
shores the late Professor Edward Forbes did not hesitate to ascribe 
to floating ice (Memoirs of the Geological Survey of Great Britain, 
vol. i.). 

Finally, it may be asked, if the theory of an oceanic current with 
floating ice be adopted to account for most of the boulders in Scot- 
land, especially those on the west and north-west coasts,—from 
what country could the boulders have come, and what could have 
produced this current? | 

The Committee, though not acknowledging the impossibility of 
suggesting an answer to this question, think that were they to 
venture on doing so, they would be trespassing beyond the objects 
of their appointment. Their proper province has been simply to 
collect facts bearing on boulders in Scotland, embracing their 
distribution, their positions, and the agencies probably concerned 
in their transport. To explain the source or origin of these 
agencies, or, in other words, to unravel the conditions of the earth’s 
previous history, so as to account for these agencies, is a problem 
the solution of which must be left to others. 


* The names of these plants are Eriocaulon septangulare, Neottia gemmipare, 
and Sisyrinchium anceps. 
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5. Remarks by Mr Milne Home on presenting Tenth Report 
of Boulder Committee, 21st July 1884. 


In presenting this the Tenth and Final Report of the Society’s 
Boulder Committee, I hope to be allowed to offer some explanations 
bearing on the work which the Committee has been able to accom- 
plish. 

The chief object for which the Committes was appointed, being 
to obtain from Scotland, generally, as much information as possible 
regarding boulders, the Committee could think of no better plan of 
commencing work, than by addressing circulars, first to the clergy- 
man, and next to the schoolmaster in every rural parish (including 
the Hebrides, Orkney, and Shetland), asking whether any boulders 
of large size existed in these parishes?—and if so, inviting informa- 
tion regarding such boulders, on points which it was expected 
might without much difficulty be understood and answered by the 
parties addressed. | 

The Committee were gratified by the readiness with which these 
appeals were responded to; and I now, in name of the Committee, 
or rather, may I venture to say, in name of the Royal Society, beg 
to express our thanks for the courtesy shown to us by those who 
sent answers. | 

Independently of information about boulders contained in the 
answers to our Circulars, the Committee discovered from many of 
these answers, the names and addresses of persons in different parts 
of the country, who, we were told, took an interest in the objects of 
the Committee, and who were even so obliging as to allow it to be 
mentioned to us, that they would be happy to show the boulders in 
their neighbourhood to any members of the Committee. These offers 
came not only from clergymen and schoolmasters, but from resident 
landed proprietors and others, who through the clergy and the 
schoolmasters in their several parishes happened to hear of the 
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inquiries which our Society had set on foot; and now, by way of 
acknowledging the services, and in some cases also the hospitality 
rendered by the persons to whom I refer, I propose to leave in the 
hands of our Secretary the names and addresses of these persons, 
not doubting that, if any one desires to obtain further information — 
regarding boulders situated at or near the places where they reside, 
they would, if applied to, be still willing to aid in the inquiry. 

At the close of the Committee’s Report, there is in Appendix II. 
a memorandum, called a Summary of Facts, and of inferences from 
the facts, bearing on the question, What was the nature of the agency 
by which boulders were brought to their present sites ? 

This being the critical question, for the elucidation and discussion 
of which the Committee was expected to gather data, it would 
have been desirable had the Committee, as a united body, pro- 
nounced findings in which the members could all concur. I knew, 
however, that it was hardly possible to expect this ; and I saw that 
the best course would be for me, as Convener, to undertake the duty 
of framing a memorandum, and submitting it to the Committee for 
insertion in the Report, as an Appendix, on the understanding, 
however, that no one but myself should be committed to the views 
contained in it. This course was approved of by the Committee. 
But I felt my own responsibility in this matter so much, that at 
our last Committee meeting, I earnestly urged one of my colleagues, 
who I believed was eminently competent, to draw out a memo- 
-randum of his own views, independently and irrespective of mine. 
I regret to say, that on the ground of his not thinking himself able 
for the duty, he too modestly declined it; though from what I 
knew, and what the Council knows of this gentleman’s qualifica- 
tions, I feel sure that any memorandum from him would have 

added greatly to the value of this Report. 3 
I may now state in a few sentences the conclusions to which, as 
Convener, I have come in this inquiry, after giving mature 
consideration to the investigations of the Committee. These are— 

1. That at some period, geologically recent in the earth’s his- 
tory, an Arctic climate prevailed in this part of Northern Europe, 
which had the effect of producing local glaciers in Scotland ; of 
some of which glaciers there are traces still visible in the most 
mountainous of our districts, as pointed out in our last Report. 
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2. That subsequently Scotland was for a considerable time 
submerged beneath the sea, which over-topped our highest 
mountains, covering them, and filling most of our valleys with sand, 
gravel, and mud, beds of which are noticed in our Reports as 


still visible, up to a height of at least 3000 feet above the present | 


sea-level,—thereby concealing to a great extent, traces of the pre- 
vious local land glaciation. | 

3. That whilst Scotland was so submerged, and probably 
simultaneously, with the whole of the British Isles, and much of 
Northern Europe, an oceanic current from some north-westerly 
quarter prevailed, bringing masses of floating ice, with boulders 
upon them, which boulders were deposited on our hills (then sub- 
marine) when the ice stranded on these hills. | 

4, That the existence of this north-westerly current is, if not 
certainly proved, at all events made highly probable, ad the follow- 
ing considerations :— 

(1) That boulders of all sizes, and differing from the rocks on 
which they lie, are more numerous on the west coast of Scotland 
(including the Hebrides), than elsewhere. 

(2) That when boulders are on hill slopes anywhere in Scot- 
land, these slopes # more frequently face the west th an any other 
point. 

(3) That when boulders have a longer and a shorter axis, and 
are narrower at one end than at the other, the longer axis and the 
narrow end very generally point towards the N.W. | 

(4) That when boulders are found lying against a rock, in such 
a way as to show that this rock had stopped the farther progress 
of the boulder, the relative positions of the boulder and of the 
obstructing rock imply, in a great majority of cases, transport of 
the boulder from the westward. | 

(5) That many boulders are found on or near the tops of hills, 
at such heights above sea-level that no local glacier, assuming such 
_ to have been generated in neighbouring hills, could have the posi- 
tions of the boulders. 

(6) That on open ground, almost everywhere in Scotland, and 
_ More especially on the west coast of Scotland, including the Hebrides, 
the smoothings and the striations of the rocks show a movement over 
them from some north-westerly point. 
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(7) That several plants are found on the west of Scotland and 
of Ireland, but nowhere else in Great Britian or Northern Europe, 
which plants are stated, on botanical authority, to abownd in Boreal 
America, as their native habitats. 

With reference to the view thus taken, that bonddein i in Scotland 
were carried on ice floated by the sea, it is curious, historically, that 
we should now come back to the theory suggested in this Society 
sixty-two years ago by a remarkable man, then President of the 
Society, Sir James Hall of Dunglass, whose views, however, on this 
subject have not always been correctly represented by geological 
authors. It has been alleged that in his well-known paper, dated 
March 16, 1812, “On the Revolutions of the Earth’s Surface,” 
published in our Transactions, vol. vil. pp. 139-211, Sir James 
sought to explain the transport of boulders by diluvial action alone; 
i.e, by great sea waves, such as those which ingulfed Lisbon and 
several cities on the west coast of South America. But this is a 
mistake, as I should like to show, by quoting one or two sentences 
from his paper. 

At page 161, Sir James, alluding to the different theories started 
by Saussure and others to account for the transport of boulders, 
mentions one, suggested by a Professor Wrede of Berlin, viz., that 
the boulders in North Germany “ had been transported across the 
Baltic, by means of the wind on floats of ice, and settling in their 
present place, bad been left there by the retiring. waters.” 

Sir James then expresses his own opinion thus—“ If the pheno- 
mena on the banks of the lake of Geneva were really occasioned 
by a torrent of water, its magnitude must have been such as to 
leave few vestiges of the human race, and we can only expect 
proofs of it in geological facts. It may, however, be alleged, as I 
have already hinted, that 74 would. be impossible for water of any 
depth whatever, or moving with any velocity, to carry blocks of such 
magnitude to such situations; and this consideration is of such 
importance, that I am induced, in attempting to unite the ideas of 
Saussure with those of Hutton, to retain part of the system pro- 
posed by Professor Wrede, in so far as to consider those granite 
blocks as having been made to float by means of masses of ice.” 

The opinion thus adopted and propounded by Sir James Hall 
was conceived at a time when nothing was known of icebergs and 
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icefloes in the Arctic regions carrying boulders and depositing 
them at a distance from the parent rocks, and is a proof of the 
same remarkable intuition which was manifested by Sir James in 
other well-known philosophical speculations. | 

In conclusion, and as I will probably not have another oppor- 
tunity in this Society of saying so, may I express a hope that the 
subject of “boulder transport” will continue to excite interest among 
our members, if important truths bearing on the most recent. 
revolutions on the Earth’s surface are, as I venture to think they 
are, likely to be established by investigations such as those which 
have been for some years carried on in Scotland, and which are. 
now carried on also in England by the Committee of the British 
Association, I trust that any proposal to have a new Committee 
will be favourably listened to. It should not be forgotten that — 
our Society, so far back as 1812, was the first in Great Britain to 
bring this subject before the scientific world ; and also that in the 
year 1871, at the instance of the late Sir Robert Christison, then 
our President, we again led the way in originating an extended 
inquiry. In these circumstances, I cannot doubt that the Society, 
for the sake alike of past memories, as of future probable dis- 
coveries, will be disposed to encourage further research in this 
interesting field of geological knowledge. 
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6. Notice of Two Localities for Remarkable Gravel Banks or 
Kaims, and Boulders, in the West of Scotland, in 
Supplement of the Boulder Committee’s Tenth Report. 
By David Milne Home, LL.D. (Plates XI. to XIII.) 


I. LocHABER.. 


About eight or ten years ago, when in Lochaber, studying the 
“ Parallel Roads” problem, I became acquainted with a district in 
the valley of the River Spean, which, presented the phenomena of 
gravel banks or kaims, and boulders, on a larger scale than I had 
ever before or have since met with. 

The lowest of the “ Parallel Roads,” marked No. IV. on the 
Ordnance Survey Maps, traverses this district; and whilst tracing the 
direction of the. ‘‘ Road,” as it crosses the lines of these banks 
and boulders, I was greatly puzzled to account for them, and still 
more for the lines in which they had been deposited. I took 
notes, and made rough sketches of both at the time, hoping that 
I might have an opportunity of a more special investigation. A 
failure of bodily strength supervened, which deprived, me of the 
opportunity ; but as [ deem the district well worthy of the atten- 


tion of geologists, on account of the light it seems to throw on 


questions of much interest, I propose to give a short account of the 
facts observed on the occasions referred to, taken from notes and 
sketches made at the time. 

Much assistance can now be obtained for an examination of the 
district from the Ordnance Survey Maps. At the instance of 
several scientific Societies, Her Majesty’s Government gave autho- 
rity to the late Sir Henry James, then Director-General of the 
Survey, to have special maps made, to indicate the “ Parallel 
Roads” in the different Lochaber valleys; and latterly, at the joint 
request of the Edinburgh Royal and Edinburgh Geological 
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Societies, he caused a map (on the 6-inch scale) to be executed of 
the particular districts in the Spean valley, to which I am about to 
refer, | 

This district is in that part of the valley where the River Spean, 
‘flowing from Loch Laggan, is joined by a smaller stream from Loch 
Treig, 

The Outline Map A (Plate XI,) gives a general idea of the position 
of the gravel banks, with reference to Loch Treig and the adjoining 
Rivers Spean and Treig. The dark dotted line indicates shelf IV., 


being the lowest beach of the lake which stood at a height of — 


about 855 feet above the sea-level. The dark shaded line, sur- 
rounding the valley, shows generally the position of the adjoining 
hills, at a level above the sea of from 1300 to 1500 feet, 

[had my attention first drawn to these banks and boulders when 
walking along the line of shelf IV., near the mouth of Loch Treig. 
On looking up at the hill slope situated to the south of this 
loch, I noticed several projecting lines of terraces, at-much higher 
levels than shelf JV., and at first thought that they might repre- 
sent some of the shelves of the higher lakes, which had been 
recognised in other Lochaber glens, but not in this one, | 

I thereupon ascended the hill, and, on doing so, obtained a general 
view of the low grounds, and of the remarkable assemblage there of 
kaims and boulders. [ at once saw that many of both formed 
lines, in some cases rectilineal, but also and even more frequently 
curvilineal, the inner curves facing the north, z,¢,, down Glen 
Spean. (See A on Sketch Map, Plate XJ.) 

The first terrace on the hill slope which J reached was (by 
aneroid) at a height of 1120 feet above sea-level, The terrace pre- 
sented a level surface from 40 to 50 feet wide, abutting against the 
hill, and was composed of water-borne gravel. Two great boulders 
lay on this terrace, about 200 yards apart. 

From this terrace J climbed to another, at a height of 1165 feet 
_ above sea-level ; on it were three Jarge boulders. 

There was still another terrace, and its height above the sea | 
found to be 1175 feet, 

Again a higher terrace was reached, 1480 feet above the sea, 
somewhat broader than the others, and having a considerable 
number of boulders on it, 
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I did not observe any terraces at a higher level; but I saw that 
there were many boulders on the slope of the hill above, some of 
large size, 

With the view of proceeding next to the low grotinds, where the 
extended lines of kaims and boulders were seen to be situated, I 
walked south along the highest of the above terraces, and observed 
that it gradually ceased to touch or abut with a flat surface on 
the hill, and that it became separated from the hill by a narrow 
trough, as if the detritus next the hill had been scoured out by the 
action of water cutrents, or of rain descending on it from the slope 
of the hill. The terrace at length became so nartow as to become 
a bank or ridge, the outer flank of which was, of course, much 
higher than the flank next the hill, 

The upper surface of the terrace now ceased to be horizontal, and 
sloped down towards the 8.E. As I proceeded, I observed, on my 
right hand, some rocks much smoothed, at a height of from 1500 
to 1600 feet. 

A little further south, I came to a projecting rocky corner of the 
hill, named Craig Dhubh; indicated on the one-inch Ordnance 
Map by the sudden bending of the contour lines towards the 8. W. 
The surfaces of the rocks there were seen to have been greatly 
smoothed (apparently from the north), whilst immense masses of 
rock were lying at the foot of the crag: It was only at this corner 
of the hill that any smoothing of these masses existed. Rocks con- 
tinued in a 8.W. direction without any such features, The agent 
which had produced these effects had, at this point, apparently 
slanted off towards the S.E. 

Before descending further, I looked with my glass across the 
valley towards the hills on the east, and descried there several 
lines of terrace on the south projecting shoulder of Cratg Dhu and 
Connichte, and also on some high ground near the Rough Burn 
(Sketch Map B, Plate X1.), These I decided on visiting, after i in- 
spection of the low grounds immediately below me. 

In my way towards the low grounds A, I walked along a kaim 
or gravel bank, whose course followed a direetion about E.S.E., and 
sloped downwards, with steep sides from 20 to 30 feet high. I 
observed that there were also many boulders on the low grounds, 
some of them forming lines or traznées. 
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The district occupied by these kaims was tolerably flat, and about 
24 miles wide (in an east and west direction) across the general 
_ course of the River Spean. | 

There were several lines of kaims all approximately parallel, 
and presenting a slight curvature ;—the inner curves facing the ( 
north, or down the valley of the Spean. as 

At one place there was an interruption in the continuous line by 
of the northernmost bank, as if it had been broken through by 
some agent from the north; and I took a rough sketch of it on 
the spot, being fig. 1 on Plate XIII. 

At A, the kaim BC ceases for about twenty yards; and between am /! 
this “break,” and the other bank DE, there is a heap of 
boulders. 

The highest and thickest of the two banks is BAC, and on it 
the greatest number of boulders are accumulated. 

On the low ground to the north of these kaims there are many grey 
granite boulders of various sizes scattered about, mostly angular. 

There two knobs about twelve or eighteen feet high attracted 
my attention, in consequence of there being boulders on their tops. 
One of the knobs was of detritus; the other of rock, sloping down 
steeply on all sides, except the east. | 

In each case the diameter of the flat surface at the top was 
about six or seven yards, and there were five or six boulders on 
each ;—most of the boulders were on the sides facing the N. and 
N.W. | 

In several places, and especially at the north base of the most 
northern kaim, BAC, there were boulders piled over one another. 
On studying these, I became impressed with the belief that the 
uppermost boulder, being the last which came, should show the 
quarter from which it must have come, to get into its position. 

Diagrams on Plate XII. represent these cases, showing that the 
boulders had come from some northerly point.* 

There was one place where rocks in situ of grey granite were 
found smoothed; the smoothed face being towards the north, 
and a boulder lying on that side. The farther progress of the 
boulder to the south had been apparently obstructed by the 
smoothed rocks. This case is shown by fig. 1, Plate XII. 


* Explanations of the Plates are appended to this notice. 
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On several occasions subsequently, I examined the banks and 
boulders, occupying the district on the east side of the River 
Spean, and situated to the north of the spot on the Ordnance Map 
called “Rough Burn.” (See B on the Sketch Map, Plate XI.) 

I found several, and especially two remarkable kaims, running 
in a somewhat different direction from those on the west side 
of the valley, viz. towards south, and curving like the rest,— 
with the inner curve facing the west. I walked along the top 
of the two highest kaims. Their sides were steep, and reached in 
some spots to a height of 30 to 40 feet; with many boulders on 
them. 

These kaims occupy portions of the hill, which slopes up towards 
the north, from about 1100 to 1245 feet above sea-level: 

Standing on these kaims, I could descry Loeh Treig; which by 
- compass bears from them about S.S:W. The level of the loch is 
represented in the Ordnance Map as 784 feet above sea-level. 

Some of the boulders, on the.level ground in several parts of 
_ the valley, form ¢rainées, more or less a with the lines of the 
kaims. 

~The bdiscies are the dimensions of some of the boulders on the 
east side of the valley :— 

One measured in girth 19 paces, and in height 5 feet: 
Another measured 12x 3x 2 feet, with longer axis 8S. W. 
15x 10x 4 feet; 

It is proper to add, that shelf IV.,; before referred to as the beach 
line of the lowest lake, is visibly impressed on the gravel banks, 
on both sides of the valley; and they are so indicated on the 
Ordnance Map. 

These kaims; therefore, elene to a period in history more 
ancient than the Lochaber lakes. 


Theory. 
With regard to the origin of these banks and boulders, there can 
be little or no doubt that the materials of the banks, consisting 
chiefly of well-rounded pebbles and blocks, and in some cases of 


sand, in beds partially stratified, must be due, in some way, to the 
agency of water, with deep and powerful currents. 
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The detritus had assuredly not fallen from the adjoining hills, by 
the natural decay of the rocks composing them. 

The late Dr Macculloch, who was eminent as mineralogist, 
geologist, and chemist, visited Lochaber, to seek for data to 
enable him to try and solve the problem of the parallel roads ; 
and wrote an elaborate paper on the subject, which was published 
in the Transactions of the London Geological Society for 1817, 
vol, iv. 

He particularly studied the nature of the gravelly materials 
lying on the surface of the country, and he found that these 
were of two descriptions. He observed that the debris of the rocks 
were angular in shape :—The other class he called ‘‘ transported 
alluvium of pebbles, sand, and gravel ;” and these, he observed, 
generally differed in mineralogical composition from the rocks of the 
hills on which they lay.. “The alluvium (he says) was not thus 
rounded by the action of the water which produced the lines (i.e., 
the parallel roads), We must suppose that this rounded alluvium 
had been, by previous causes, accumulated. If this took place from 
the action of water (and to what other cause can we assign it ?), it 
must belong to an epoch prior to the deposits of sharp matter in 
the upper parts” (page 330). 

Again he says :—“ The conoidal hillocks, occurring Sabin Glen 
Fintec and Glen Glastrie, consist of deposits of fine sand, clay, and 
rolled stones of different sizes,—disposed in a manner irregularly 
stratified, and in a direction more or less horizontal. The terraces 
and hillocks, which occupy positions much inferior to these, all the 
way along the course of the Spean, are of the same materials” 
(page 339). 

The hillocks in Glens Fintec and Glastrie, oa mentioned as 
examples of “transported alluvium,” occupy positions exceeding 
1200 feet above the sea, and are (Macculloch says) the same kind 
of deposits as those along the course of the Spean, referring, no 
doubt, to the kaims described in this paper. | 

Examples of these detrital deposits occur in all the Lochaber 
glens, In Glen Roy and its lateral valleys, there are cliffs of 
boulder clay, exceeding 200 feet in depth. Along the course of the 
Spean at Murlaggan, on the east bank, there are cliffs of sand, par- 
tially stratified horizontally, above 80 feet deep; and on the west side, 
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at Alt-na-Bruach, there are cliffs of mixed sand and gravel, equally 
deep, all more or less stratified. 

The River Treig, near its exit from the loch, has cut through 
banks of gravel, also stratified, exceeding 70 feet in depth. 

It may be added that any one passing through the Caledonian 
Canal, near Banavie, may see great gashes on the Moy Hills to the 
north, occurring in enormous beds of white sand, at a — of 2000 
feet above sea-level. 

Mr Jamieson of Ellon examined the whole of this district 
carefully, and mentions that at the outlet of Loch Treig he found 
“strize running horizontally along the face of the rocks up to 2000 
feet ;” and he adds, “not that I affirm even this to be their upper 
limit.” He mentions similar features, even as high as 3055 
feet above the sea, “ which (he says) raise a suspicion that some 
denuding agent has flowed over it at a period geologically recent.” 
(Lond. Geol. Soc. Journal, 26th Feb. 1862, p. 172.) 

In these circumstances, it seems impossible to doubt that the sea 
has flowed over the whole of this district, and in such a way as to 
bring detritus of sand, mud, gravel, and boulders, and deposit them 
alike on hills and in valleys, The detritus which forms the kaims in 
_ the Spean valley, which I have been describing, must therefore almost 
certainly have been brought and deposited there by oceanic agency. 

The gravel banks or kaims of the Spean valley are not unexampled — 
in many other parts of Scotland. In Linlithgowshire a gravel bank, 
with steep sides, runs from Polmont eastward, nearly two miles 
continuously, with occasional bends, and is now cut across at several 
points by small rivers. In Haddingtonshire a similar east and 
west kaim runs for about a quarter of a mile. In Nairnshire 
there is a similar kaim, traceable for a greater distance. In Ber- 
wickshire, on Greenlaw Muir, at a height of about 1000 feet above 
the sea, there is a gravel bank, high and steep, about three miles in 
length, presenting several considerable bends in its course, and cut 
across by two small streams. 

In consulting the Admiralty Maps, which show the forms of 
submarine sandbanks, I find many examples running for more 
than a mile continuously, and, in one case, a bank curved into 
almost a semicircle. Off the mouth of the Thames, where the 
tidal currents are strong, there are several such cases. 
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When Scotland was submerged, the currents in this region would 
probably be rapid, looking to the relative positions of the hills and 
valleys. 

If the question be thought of any importance, it may be noticed 
on the Map, Plate XI., that this part of the Spean valley is so sur- 
- rounded by hills, as to be an area well fitted for the reception and - 
detention of detritus, its diameter being about three miles, 

Moreover, it is worthy of notice that the valley in which this area 
occurs is contracted at its north end, so that if a current flowed at 
that end, towards the Spean: valley, it would enter the valley 
with considerable velocity, and in virtue of the way in which it 
is surrounded by hills, it might acquire a circular motion, producing 
whirlpools or eddies. 
It will be found, on consulting the contour lines of the 

one-inch Ordnance Map, that whilst the space where the kaims and 
boulders are situated is (between the contour lines of 1250 feet) 
three miles across, the breadth of the valley to the north, 
between the same contour lines, is only 14 miles (see Sketch 
Map, Plate XI.). To the north of this gorge there is open 
country, and at a low level; so that if the country was then sub- 
merged there would be opportunity for a large body of water flow- 
ing through the gorge towards the south. 

Now it is allowable here to observe that there are strong reasons 
for believing that when Scotland was submerged a powerful 
current, with floating ice from some north-westerly point, did pre- 
vail here, as probably elsewhere in Scotland. A few of the facts 
bearing on this point may be mentioned. 

(1) The most important of the lateral glens joining Glen Spean 
is Glen Roy, which runs for about 16 miles towards its head or 
col in a S.E. direction. I extract the following paragraph from — 
the notes taken by me when [ visited this glen in 1846 :—“ Visited 
head of Glen Roy. In upper Glen Roy it is interesting to observe 
how uniformly the smoothed surfaces of rocks are to the west, and 
their rough faces tothe east.” 

As this is a point of some importance, I confirm my own observa- 
tion by a quotation from the Memoir of Mr Jamieson of Ellon, who, 
with a view to the “ Parallel Roads” problem, m6 an elaborate 
survey of all the Lochaber glens. Near the top of Glen Roy, he 
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says (Lond. Geol. Society’s Proceedings, vol. xviii. p. 296)—“ I was 
not a little surprised to find that the ice had come from the S.W., 
%.¢., up Glen Roy...... The strata had been so blunted and 
rubbed on their S.W. exposures as to show plainly that the move- 
ment came from ¢hat quarter; and high up on the brow of the 
adjoining hill I saw several very large blocks and boulders that 
appeared to have been shifted or moved some distance ..... by 
glacial action.” | 

Mr Jamieson suggests that this rubbing of the rocks, on their 
S. W. exposures, was due to “glacial action.” If ice moved up the 
glen it could not have been glacier, but floating ice. 

(2) In Glen Gluoy Valley, adjoining Glen Roy, and opening like 
it towards the west, similar proofs exist of a movement up the glen, 
from the westward (see “ Memoir on Parallel Roads,” Edinburgh 
Royal Society Transactions, vol. xxvii. p. 638),* 

(3) Craig Dhu, a hill situated on the eas¢ side of the gorge before 
mentioned, reaches to a height of 2100 feet, and presents several 
spots near the summit on its N:W. side, where the edges of the 
strata show smoothing from the north. The boulders on the hill 
are also chiefly on the north slopes. 

(4) Ben Chlinaig is a hill on the west side of the gorge, reaching 
to a height of 2545 feet. Mr Jolly of Inverness informed me that 
on its eastern slope he found rock striations at a height of 1840 
feet, running N.W. and S.E. 

(5) In the gorge itself, near its lowest level, some of the rocks 
present large smoothings facing the north, and grooves of great 
length, evidently caused by violent and severe friction of heavy 
bodies which had moved over the rocks. 

(6) Then on the N.W. shoulder of Ben Nevis, at the mouth of 


* As these pages were being printed, I received from my old and esteemed 
friend, Colin Livingston of Fort-William, a letter (dated 23rd September 1884) 
narrating an excursion he had a few days previously made to Glen Gluoy, and 
mentioning that at a height of about 1750 feet above the sea he had found 
several granite boulders on the side of a hill facing the west, and lying on 
quartzite rocks, which were smooth on their west sides and rough on their east 
sides. He adds that three of these boulders formed a line or trainée uf abou 
a 100 to 120 yards. He became satisfied, from these facts, that the boulders 
had come up the glen from the westward, and not down the glen, as he had 
previously supposed. The nearest locality for granite rocks, known to him, 
is ‘‘ Meallan-Suidhe,” situated some miles to the westward, 
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a glen called Corry N’£oin, I found, at two different spots, rocks 
so striated as to show that the striating agent had moved from 
N.N.W., 7.¢., in the direction of the Spean valley. — 

(7) In the Spean valley itself there are at least a dozen places 
where the rocks by the marks on them distinctly show severe pressure 
and friction by some body passing over them in a S.E, ditection.* 

(8) Reference having been made to terraces or banks of detritus 
on the slopes of the hills to the south of Loch Treig, up to a height 
of about 1400 feet above the sea, it is proper to mention that — 
similar banks of detritus occur on the hills to the north, and at about 
much the same level. 

On Chlinaig Hill (before referred to) there are two such banks at 
a height above the sea of 1253 feet and 1373 feet. 

- The hill on the opposite or east side of this valley shows similar 
banks, and along which I walked at rather a lower level. 

It appeared to me that these had very probably been formed 
when the land was submerged. They are essentially different from 
the old lake beaches, in respect of their want of horizontality. | 

(9) Lastly, I refer to the fact, that almost at the very tops of the 
highest adjoining hills great boulders are found, and in such positions 
as to show that they could not have come there except by floating 
ice. Thus, Darwin refers to the boulders on the top of hills in 
Lochaber, at the heights of 1700 and 2200 feet above sea-level. 
On the tops of two hills adjoining Loch Laggan, exceeding 3000 feet 
above the sea, I was informed by Sir John Ramsden of Ardverikie, 
the proprietor of these hills, that there are several large granite 
boulders. 

Whilst expressing my own opinion that the kaims and boulders 
in the valley near the junction of the Rivers Spean and Treig 
indicate the agency of the sea, it is proper to advert to the 
opinion of my geological friend, Mr Jamieson of Ellon, that these 
are the moraines of a glacier which, generated in Glen Trieg, 
advanced into and crossed the Spean valley. 

Mr Jamieson adopted the view originally suggested by Agassiz, 
that the barriers of all the old Lochaber lakes consisted of ice. It 
being necessary to find a barrier for the Glen Roy Lake not only 


* These places are named in the *‘ Memoir on Parellel Roads,” by Professor 
Prestwick and me respectively. 
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at the foot of the glen, but at the head of Glen Glaster, Mr Jamieson 
saw that the only way of obtaining an ice barrier at this last-men- 
tioned place was to assume the existence of a glacier in Glen Treig, 
which he supposed would descend into and cross the valley, then 
rise up on the opposite side of the valley near the Rough Burn, and 
next make a nearly right-angled wheel towards Glen Glaster, dis 
tant from Loch Treig no less than 6 miles ! 

I am afraid that I must agree with Professor Prestwick (Phil. 
Trans. of Royal Society of London for 1879, p. 668) in the opinion 
he has expressed, that the “Glen Treig glacier would be in- 
competent to the task assigned to 1t” by Mr Jamieson. Professor 
Prestwick observes, that to block Glen Glaster col the “glacier 
would have to cross Glen Spean, and after that travel 2 miles with 
a rise of not less than 500 feet,” 

I agree with the Professor (page 684), that if there was a glacier 
from Glen Treig, which protruded into the valley, it would, instead 
of ascending the slopes on the opposite or east side of the valley, — 
have followed the natural levels of the valley, and flowed down to- 
wards the north-west. 

Whilst Mr Jamieson’s primary object in suggesting a Glen Treig 
glacier was to find a barrier for the head of Glen Glaster, he also 
availed himself of the services of this glacier for explaining the 
origin of the kaims and boulders, which form the subject of the 
present paper, 

One fatal objection to this view, as it appears to me, is, that 

the materials composing these kaims are not such as characterise 
moraines. They are what Macculloch properly calls “rounded 
alluvium; formed by the action of water; whereas the materials 
of moraines being merely the débris of rocks, which fall on the 
surface of the glacier by meteoric agency, are totally different in 
character, 

Another objection to this view is, that the lines of kaims in 
the valley lie to the south of the march which any glacier from | 
Loch Treig would take. To meet this obvious difficulty, Mr 
Jamieson says that ‘‘the glacier on issuing from the narrow gorge 
at the end of Loch Treig dilated immensely;” so that its right 
flank might carry materials to the position occupied by the kaims and 
boulders. I think that if the glacier underwent such an immense 
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dilatation, it would fall to pieces altogether in the valley, before it 
could reach the position of the kaims. 

At the same time, I am far from denying that Mr Jamieson had 
good grounds. for supposing that a small glacier existed in Glen Treig, 
and that it even probably protruded a little. way into the valley. 

In his. map he indicates glacial strie at a point where they may 
have been caused by a glacier from Loch Treig. I saw these striz, 
(Notes, vol. i p. 8), viz, on masses of rock which had been 
smoothed and partially striated from the westward. Most of the 
rock: was covered and concealed by detritus, which, on being cleared 
away by me, showed the smoothed surface of the rock. The 
explanation whieh occurred to me at the time was, that after. these 
rocks had been so smoothed and striated the country became sub- 
merged, and the whole valley was filled with submarine beds of 
gravel, sand, and boulders. The spot now referred to. is near that 
marked “ Fersit” on the one-inch Ordnance (Sketch Map, 
Plate XB.). 

Whilst offering my opinion, that these kaims in Spean valley 
are submarine detritus, and have been scoured out inte long banks 
by the action of sea currents, [ acknowledge that they deserve 
much more examination than I had the opportunity of giving ; 
and I trust others who are interested in these researches will visit 
the locality, and publish the results of their inspection. 


HarRISs. 


In the Fifth Report (page 23) of the. Boulder Committee ib is 
mentioned that “at Borvve, on the west coast of Harris, about half- 
way between Rodel and Tarbert, there is a remarkable accumulation 
of boulders on the side of the hill sloping down to. the sea. The 
general slope of the hill (which reaches a height of 800 feet) is 
towards W. by N. (magnetic). The rocks are of gneiss, and present 
a series.of beds, layers, or benches more or less horizontal, forming 
as it were a gigantic stairease along the hill face, for about half a 
mile, all more or less covered by boulders. These benches of rock, 
in many places, show that they have been rounded by severe pres- 
sure from W. by N. Many of the boulders which lie on them also 
give evidence of transport from the west.” 


‘ 
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Two figures are appended to the Committee’s Fifth Report, to 
illustrate these facts. 

But I happen to have in my possession a more graphic representa- 
tion of the locality, which I now exhibit to the Society. It was 
made, at my request, by a London landscape-painter, who was 
taking views at Harris, and whose acquaintance I happened to make, 
by residing in the same inn with him. He and I on one occasion 
travelled together in the same conveyance, and had to bait our horse 
at Borve, near which the hill occurs. He saw me vainly en- 
deavouring to make in my sketch-book a drawing of the hill; and, 
at my request, he was so kind as to give a representation of the 
place in my sketch-book, which I now reproduce (Plate XIII. fig. 2). 
It shows how numerous the boulders are on the hill-slope, and that 
they had found lodgment on the ledges of gneiss rocks which pro- 
trude from the hill. 

I give also a representation of one of the boulders (Plate XIII. 
- fig. 3), firmly lodged on the projecting strata of the hill ; its east end 
abutting against the strata in such a way as to show that it had 
probably come from the westward. : 

The interest of the locality arises from the circumstance that the 
hill on which those boulders lie slopes down in a westerly direc- 
tion to the Atlantic Ocean; so that if the boulders on the hill came 
from the westward, as I think they did, they must have been 
transported from some land bordering on the Atlantic, 


EXPLANATION OF PLATES. 


PLATE XI, 


A sketch map reduced from Ordnance Survey, to show part of 
Glen Spean valley, with lines of kaims and boulders. 


Puate XII. 


(1). Map of smoothed granite rock in Glen Spean valley, AB, 
running in §.W. direction, and having its smoothed side fronting 
N.W., with a boulder pressing against it. 
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Loch Treig bears W.S.W. from the rock; whilst lower part of 
Spean valley bears N.W. by W. from the rock. 

If boulder came from Loch Treig it would not have been inter- 
cepted by the rock, but have passed on to left, viz, in a N.E. 
direction. 

If boulder came up Spean valley it might have been, and most 
probably would be, obstructed in its farther progress by the rock. 


(2). Boulder A rests by one of its corners C on boulder B. A 
line drawn through centre of A and corner C points 8.E. by S., 
implying transport from N.W. by N. If boulder A had come from 


Loch Treig it could not have stuck on boulder B, but have fallen 
off to one side. 


(3). Two boulders resting on north side of a gravel bank in Spean 
valley. If these boulders had come from Loch Treig they pro- 
‘bably could not have stuck there. 


(4). Two large boulders in Spean valley, situated S.E. of Loch 
Treig. Boulder A leans against boulder B in such a way as to 
show that it came from the north, and not from Loch Treig. More-— 
over, a hill on south side of mouth of Loch Treig is so high that it 
- would have prevented these boulders reaching positions they occupy. 


(5) and (6), Boulders at north side of a gravel bank in Spean 
valley. 


Puate XIII, 


(1). Is intended to represent a small portion of two kaims with 
boulders on their sides, facing the north. The most northern shows 


an interruption at A, as if it had been broken through by some 
agent from the north. 


(2). Represents a hill near Burve (in Harris) sloping down to the 
sea-shore, covered with boulders, apparently brought from a sea-ward. 
direction, viz., the west. 


(3). Ts one of many boulders on Borve Hill, resting on the rocks 
in such a way as to show transport from a westerly point. 
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7. On the Periodic Variation of Temperature in Tidal 
Basins. By Hugh Robert Mill, BSc, F.C.S. Com- 
municated by Professor Crum Brown. (Plate XIV.) 


The periodic variations of the temperature of water have been 
studied for some months at the Scottisl Marine Station at Granton. 
The only tidal basin which has been considered as yet is the 
haven formed by the irruption of the sea into Granton Quarry. - It 
has an area of about 7 acres; the tidal entrance is on the west side, 
and is so situated that no water can enter until about half tide ; 
then it comes in as a very rapid stream for about three-quarters of 
an hour, when the rate falls off, and near high water it is the same 
as that of the rising tide on the shore; The ebb is gradual until 
the tide has narrowed the channel by uncovering the sandbanks 
which lie on each side of the entrance, then it is rapid for about an 
hour and a half, after which the water runs out extremely slowly, and 
does not absolutely cease until the tide begins to re-enter ; but for 
from four to five hours the water-level inside is practically unaltered. 
The depth of the quarry at low water varies from 5 to 8 fathoms in 
the parts where observations were made, and at high water the 
depth is slightly more than 1 fathom greater. The bottom shelves’ 


off abruptly from the bar at the entrance. 


The variation of water temperature naturally divides itself into 

two periods—annual and diurnal. The former can only be ascer- 
tained by daily observations continued for several years, and such 
observations of both surface and bottom temperature were com- 
menced in May 1884, and are being continued. The diurnal 
variations may be investigated by continuous hourly observations 
for a number of entire days. Such series of hourly, and in some 
cases half-hourly, observations were made twice in the month of 
June for periods of thirty-six hours each, and once in the beginning 
of July for twenty-five hours, and some interesting facts were 
brought out by this means. 
It was made evident in some preliminary trials that the Miller- 
Casella thermometer was not adapted for rapid work in shallow 
water. It requires to be immersed from ten to fifteen minutes in 
VOL. XII. | | 3 
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order to acquire the temperature of its surroundings ; when drawn 
up from depths under 10 fathoms, the mercury has not had time to 
recede from the index, and before it can be read evaporation from 
the wet bulb lowers the temperature and renders the reading 
inaccurate. 

Sir Robert Christison’s cistern thermometer gave good results, 
but itis too heavy ar instrument to use continuously for many 
hours. | 

For the first two sets of observations about to be described - 
Negretti and Zambra’s patent deep-sea thermometer with Magnaghi’s 
frame was used. The instrument is constructed so that after it has 
acquired the temperature of the water it may be turned over; on 
this being done the mercury which has passed out of the bulb runs 
into the upper part of the tube which is now lowermost, and can. 
be measured by means of a scale of degrees when the instrument is 
drawn up. Tt contains only one fluid—mercury ; and experiment — 
has shown that three minutes are sufficient to enable it to acquire 
the temperature, although in our observations it was customary to 
allow four or five minutes as a minimum to make sure. The 
reversing arrangement of Magnaghi resembles a screw-propeller ; it 
is turned on drawing the instrument up through the water and 
releases the thermometer, which then turns over, as its pivots are 
below the centre of gravity and it never hangs quite perpen- 
dicularly. The objection to the method is that in shallow places 
the temperature at the bottom cannot be obtained, since the reversing 
screw will not act in much less thana fathom of water under the 
most favourable circumstances, and usually it requires considerably 
more. A modification of the thermometer was accordingly designed 
by Professor Chrystal and myself, and the necessary alterations were 
made in a most satisfactory manner by Mr Frazer of Lothian 
Street. 

The Scottish thermometer-frame, as the improved form has been 
named, differs from Magnaghi’s by the removal of the screw and fans 
from the pin that holds the thermometer in position, and the substi- 
tution in their place of a lever kept down by a spiral spring. The 
lever is forked at the outer end to allow the line to which the ther- 
mometer is attached to pass between. In order to prevent the line 
from slipping out of the fork, it is clasped by two thin springs 


F 
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which rise from a projecting horse-shoe-shaped piece beneath the 
lever. A hollow cylindrical weight slightly belled out at the lower 
end is dropped down the line when the thermometer is to he 
reversed ; it falls on the forked lever, raises the pin, the upper end 
of the instrument gets an outward impulse from an india-rubber 
band slipped over the frame (a device of Mr Buchanan’s), and it 
rotates sharply, and is clamped by a brass spring. When several of — 
these thermometers are used on one line, as is convenient in taking 
serial temperatures, the weight for the next lower instrument is 
hung by a wire to the groove in the top ; it helps to pull the ther- 
mometer over when released, then sliding down the line it strikes 
the lever of the next, reverses it, and despatches its weight. In 
this way any number of instruments may be used on one line. | 
The ends of the lever forks are covered with india-rubber to diminish 
the shock, and the whole apparatus is constructed of brass, so that 
no galvanic action can be set up between any of its parts. 

The adaptation of the Negretti and Zambra thermometer to 
reverse by means of a weight slipped down the line is not new. 
Mr Rung, of the Meteorological Institute of Copenhagen, has 
invented a very simple method of doing this; but, although his 
frame has worked admirably in his hands, it has the disadvantage 
of being constructed of wood. A simpler arrangement for the same 
purpose was employed un the United States ship “‘ Fish Hawk ;” but, 
from the account given of it, it seems to be inferior to the Scottish 
frame, in not clamping the instrument when reversed. The new 
thermometer was made before the description of either of these 
eatlier forms was seen. It has been found to answer admirably, 
both in very shallow water and in depths up to 80 fathoms, | 

The first set of observations was made hourly during a period of 
thirty-six hours, from 9 a.m. on June 17th to 9 p.m. on June 18th. 
The temperature of the air, of the water at the surface (by an 
ordinary thermometer), and at the bottom, were taken each time 
from the Ark, the floating laboratory of the Station. The mean 
temperatures (corrected) were as follows :— | 


For 30 Hours Daylight. For 6 Hours Darkness. For 36 Hours. 
Water, surface, . . 64°98 54°88 54°97 
Water, bottom,. . 54°60 55°01 54°67 
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The observations included two complete tides, and it was 
observed that when the water began to enter at 6 p.m. the bottom 

temperature began to rise from 54° until at 9 Pm. it reached 55°. 
"The surface te mperature was meanwhile falling. The night was 
cloudy, and from 9 p.m. to 6 a.m. the readings of the surface and 
bottom thermometers were practically the same. At 6 a.m. the tide 
began to enter, and the bottom temperature fell slowly from 55° 
to 54°°6. The whole of the next day was dull and cloudy, and the 
temperatures of air and of water varied little. The tidal effect observed 
was somewhat puzzling, for the temperature of the water of the Firth 
was known by previous observations to be several degrees lower 
than that in the quarry, and not to vary appreciably with the hour. 

In order to get additional evidence, the 25th and 26th June were 
selected for another series of observations. The 25th was cloudy 
and cool, the air temperature being altogether below the average 
for the two days, the night was pretty clear, and the 26th turned 
out bright and warm. As I had more assistance than on the former 
occasion, observations were made every half hour at three stations 
in different parts of the quarry—one near the mouth where the 
depth at low water is 5 fathoms, the second was the Ark in 6 — 
fathoms, the third a buoy in the north-west corner in 8 fathoms. 
The means of the observed temperatures are as follows :— 


For 30 Hours Daylight. For 6 Hours Darkness. For 36 Hours. 


‘ 59°5 54°9 | 58°6 
Entrance, . 56°61 
56°17 55°52 56°05 
N.W. corner, 56°52 | 
Entrance, . 55°51 55°65 55°55 
N.W. corner, 54°92 55°82 55°24 


The course of the temperature curves at the Ark on those two. 
days is shown in Plate XIV., where the tidal effect is plainly notice- 
able. The observations embraced three complete tides. When the 
water began to enter at noon, there was a steady rise of bottom 
temperature, and when it entered at 1 a.m. next day there was as 
distinct a fall; while on its coming in at 1.30 p.m. a very abrupt 
rise of almost a degree was observed at each of the stations. The 


curve of surface temperature followed that of air temperature in the 
main, as on the previous day. 
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The improved thermometer having been constructed and tested 
in the interval, a set of hourly observations was made at the three 
stations during a period of twenty-five hours, from 9 A.u. on J uly 3rd 
to 10 a.m. on July 4th. The temperature was taken at the surface 
and the bottom as on previous occasions, and also at a point oo 
between the two. 

The third was a hot clear day, but the sky clouded in the evening, 
and rain fell very heavily: during the entire night. A severe 
thunderstorm was experienced from 11 p.m. on the 3rd to 4.30 a.m. 
on the 4th. The continual dazzling produced by the lightning 
flashes made it difficult to read the thermometers with accuracy, but 

_ there is reason to believe that no serious error was made, and the 
observations were carried on regularly. : 

On the third the surface temperature was high, and the interme- 
diate curve remained close to the bottom one, until 5 P.m., when it 
rose rapidly. During the night and on the forenoon of the 4th, 
the temperature varied but little, and the curves for the surface, 
bottom, and half depth interlace each other curiously. A distinct 
rise of the bottom temperature, and fall of that at the surface, marks 
the inflow of the tide at 8 p.m. The means for this set are— 


19 Hours Daylight. 6 Hours Darkness. For 25 Hours. 


( Entrance, 57°95 57°36 57°78 
Surface 57°73 57°35 57°65 
N. W. corner, 58°10 57°41 57°90 
Entrance, 57°59 57°48 57°56 
Half-depth } Ark, 57°31 57°47 57°35 
N. W. corner, 57°23 57°43 57°29 
: Entrance, 57°19 57°49 57°27 
Bottom Ark, .. 57°20. 57°30 57°22 
N. W. corner, 56°93 56°83 56°92 


In order to eliminate the tidal effect as much as possible, a mean 
was taken of the hourly results of the first and second series; the 
tides, being at opposite phases at the same hour, annul each other 
to a certain extent. The surface temperature curve in the 
diagram, representing the result of tidal elimination, follows the air 
curve very closely; the bottom curve also does so, though to a 
much slighter extent, and the phase is clearly retarded. The 
accurate curves embodying all the results have been laid on the 
table. 
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It is obviously unsafe to generalise from such a small number 
of observations, but the results brought out by the discussion of 
the figures may be stated as at least probably true :-— 


(1) During daylight the air was always at a higher temperature 


than the water, but after sunset the water was warmer than 
the air; and taking an average for the whole period, the 
mean temperature of the air was the higher. 
(2) The surface temperature followed that of the air, and was 
‘little affected by tidal changes. | 

(3) The bottom temperature followed that of the air, but the 
crest of the heat wave was retarded by several hours, and 
the curve was profoundly modified by the tides. 

(4) The temperature was ,higher at the surface than at the 

bottom during the day ; but, as a rule, it was higher at the 
bottom than at the surface by night. 

(5) When the tide flowed in the early morning it exercised a 

cooling effect on the bottom thermometers, but when it 
_ flowed at other times it produced a warming effect. 

The variations of temperature when the tidal effect is eliminated 
may be accounted for by the direct action of sun heat and radia- 
tion, propagated by conduction and convection beneath the surface. 
It is possible that when the tide enters the quarry after.the sand 
over whiclf it must flow to reach the entrance has been exposed 
for several hours to strong sun-heat, the water may be warmed by 
contact with it, and so exert a heating effect. On the other hand, 
when the sand has been uncovered by night, chilled by radiation, 
it may cool the water passing over it, or at least not raise its 
temperature. This hypothesis explains all the phenomena which we 
have observed as yet, and is supported by a considerable number of 
experiments; but Mr Peddie and I are about to commence a critical 
research to test its applicability, and also to investigate the varia- 
tions produced by the currents in the quarry, the direction of the 
wind, and other causes. 

I have to thank Mr Peddie, Mr H. N. Dickson, and’ Mr Lindsay 
of the University Physical Laboratory, Mr T. Morton Ritchie, 
B.Sc., Mr H. J. Gifford, and Mr W. A. P. Tait, for their valuable 


and self-denying assistance in making the serial observations 


described in this paper. 
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8. On the Isothermals and Adiabatics of Water near the 
Maximum Density Point. By Mr W. Peddie. Com- 
municated by Professor Crum Brown. 


The state of water, as regards pressure, volume, temperature, 
entropy, and energy, may be represented by surfaces in a number 


of ways, depending upon which of the properties we choose to have 
_ their numerical values measured off along the‘axes to which the surface 


is referred. The surface most suited for the consideration of the 


forms of the isothermals and adiabatics is that one the co-ordinates 
of each point of which represent pressure, volume, and temperature. 


The nature of this surface as constructed for water, and some of 
its peculiar features, were first studied by Professor James Thomson, 
and described by him in a communication made to this Society. 
Designating pressure, volume, and temperature by the letters y, », ¢, 
the isothermals are the projections upon the plane (p, v) of the 
lines of intersection of planes of constant temperature with the 
surface. The adiabatics are the projections, upon the same plane 
of curves laid down upon the surface, such that, as the substance 
passes from one state to another as represented by points on the 
curve, it does so without absorption or emission of heat. The 
actual curve upon the surface may be termed the complete adia- 
batic. The chief features of the projection of the surface upon the 
plane (p, ¢) are three curves, which separate the regions representing 
the liquid, solid, and gaseous states. These three curves meet in 
a point, which Professor J. Thomson terms the triple point. If we 
measure pressure downwards and temperature to the right, the 
curve separating the liquid and gaseous regions slopes downwards 
from this point towards the right. The curve separating the solid 
and gaseous regions slopes upwards towards the left, making a 
greater angle with the ¢ axis; while the other curve slopes down- 
wards towards the left, and is very much steeper. The maximum- 
density curve slopes downwards to the left, but is not nearly so 
steep as the liquid solid curve which it meets at a point corresponding 
to a pressure of nearly three tons weight per square inch. It also meets 
the liquid-gaseous curve. Inside the triangular region so bounded 


the substance is liquid, and the quantity oe has a negative value. 
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For the liquid condition outside this region - is positive. Hence, 


from the third thermodynamical relation, we find that in this 
triangular region the adiabatics slope downwards towards the left 
for increased pressure; while in the other region they slope 
downwards towards the right. So if we take a portion of the 
substance in a state corresponding to a point in the region where | 


ce is negative, and allow it to expand adiabatically, its temperature 


rises. From calculations based upon the first and third thermo- 
dynamical relations, it seems that the slope of the adiabatics in this 
region is not so steep as the slope of the maximum-density curve. 
Hence we have adiabatics meeting this curve. But no such 


adiabatic can pass into the region where - has a positive value, 


since the maximum-density curve slopes upwards toward the right. 
It must be determined by experiment then, whether the adiabatic 
coincides with this curve after meeting it, or if it re-enters the 
original region, its slope having become steeper. In either case we 


can have two adiabatics intersecting; that is, at a given tempera- 
ture, volume, and pressure, we may have water near the maximum- 


density point, in at least two states differing in the amount of 
intrinsic energy possessed. If the adiabatics coincide with the 
maximum-density curve, we may have an infinite number of such 
states. 

Now consider a portion of the substance in a state represented 


by a point in the region when = is positive. On adiabatic 


expansion the temperature falls until the maximum-density curve 
is reached. After this, the temperature rises. Hence there is a 
point of minimum temperature upon the adiabatic. This point: 
must be looked upon as one in which two adiabatics meet. 
Probably the course of each adiabatic meeting in one point on the 
curve (z.e., the adiabatics whose previous courses have been in the. 
region of negative and positive values for = respectively), is’ 
different on further expansion. The amount of intrinsic energy: 
possessed, determines which region the course will pass into on 
adiabatic compression from such a point. This is equivalent to 
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saying that lines so meeting are different adiabatics,—not branches 
of the same one. 

As Mr Riicker (Proc. Roy. Soc., vol. xxii.) has pointed out, it 
is possible that there may be a point of maximum temperature on 


the adiabatics within the region where - is negative, for the sub- 


stance is rising in temperature, while doing work by its expansion. 
This must be determined by experiment. ; 

In the surface referred to above, there are three cylindrical regions, 
the projections of which on the plane (p, ¢) give the three curves 
already mentioned as separating the regions which represent the three 
different states. The triple point line is the line of intersection of 
these surfaces. Mr Riicker shows that, along the triple point line, 
and along all other isothermals in these cylindrical regions, the 
adiabatics coincide for some distance with the isothermals. He 
gives formule for determining the distances for which they coin- 
cide. Consider portions of the substance in the three different 
conditions, such that the state of the mixture is represented by a 
point on the triple-point line. If there is enough steam to just 
melt all the ice, the adiabatic and isothermal will coincide all along: 
the triple-point line in the direction of lessening volume. If not, 
then the adiabatic will enter the liquid-solid surface. If more than 
enough, then it will enter the liquid-gaseous surface. On expan- 
sion, the lines will only coincide until all the water disappears, 
when the adiabatic will enter the solid-gaseous surface. 

If with Professor J. Thomson we consider that portion of an 
isothermal where change of state occurs to be curved in the 
plane (p, v), so as to have parts corresponding to unstable condi- 
tions, there musi always be more unstable conditions along an 
isothermal in the region separating the liquid and gaseous states 
than in the other two similar regions; or else there are more such 
unstable conditions in that region near the triple point line than at 
a distance from it. bo 
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Monday, 21st July 1884—continued. 


The President gave a short Review of the Session, and 
added some closing Remarks as follows :— 


The President said—This session of the Royal Society, not the 


_ least interesting or remarkable of the series, is now about to close. 


I have been furnished with a statement of the papers which have 
been read, which exhibits a creditable amount of industry as well 
as of ability among its members, It seems that of these 16 were 


in Natural Philosophy, 15 in Mathematics, 6 in Geology, 2 in > 


Chemistry, 6 in Mineralogy, 6 on Meteorology, 2 in Spectroscopic 
Astronomy, 4 in Natural History, 5 on Botany, 5 in Physiology, 
1 on Language, 2 on History and Antiquities, 2 on Anthropology, 
and 5 on Political Economy. 

We have sustained some severe losses by death in the course of 
the Session. Two very celebrated men, whom we had the honour 


to number among the Foreign Honorary Fellows of the Society, 
died within a few weeks of each other—M. Dumas, the Perpetual 
Secretary of the French Academy of Sciences, having died on the 


4th of April 1884; and M. Adolphe Wurtz, his friend and fellow- 
labourer, who pronounced a funeral oration on his death, having 
himself died on the 12th of May. Both these distinguished men 
were renowned throughout Europe for the invaluable contributions 
they had made to Chemical Science, and specially to that branch of 
it known as Organic Chemistry, in regard to which M. Dumas may 


be said to have initiated a new departure. He was born in 1800 
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in Genoa, and had therefore at his death reached the patriarchal age 
of 84. The value of his services during that long life to the cause 
to which it was devoted it is impossible to over-estimate. Similar 
honour is due to M. Wurtz, not only for his valuabie labours in the 
same branch of Chemical Science, but from his numberless publica- 
tions and discoveries within the whole circle of chemical knowledgef 
“Tt was his good fortune,” says M. Friedel, in a funeral address, 
‘ag rare as well-merited, that in the midst of such a‘ multitude of 
different investigations, he never saw one of his results questioned. ’ 
He was at the time of his death the designated successor of Dumas 


as Perpetual Secretary of the Academy of Sciences, which had long 


been an object of his ambition. 

Among ourselves, we have lost some very eminent and familiar 
names, to which, on the present occasion, I cannot do more than 
allude. They will be duly commemorated afterwards. At the head 
of the list stands that of the late Duke of Buccleuch. I have indi- 
vidually taken another opportunity of expressing my appreciation 
and respect for the memory of that distinguished man, to whom 


Scotland lies under a heavy debt of obligation, and who will long 


be remembered throughout its length and breadth as one of its most 
illustrious benefactors. Even had he not possessed these distin 


guished titles to our grateful remembrance, the fact that he was the 


lineal representative of the first President of the Society would have 
given him a claim on our interest. The three other names on the 


list furnished to me were personal friends of my own, two of them 


school-fellows whom I had known from boyhood. 

The first is that of Professor John Hutton Balfour, who was a 
Fellow of the Royal Society for fifty years, a Professor of Botany 
in the University of Edinburgh for thirty-four years, and Secretary 
of this Society for nineteen years. It is needless for me to speak to 
you, who knew him so well, of his kindly genial manner, his devotion 
to scientific pursuits, which began with his boyish days, and never 
quitted him during his long and useful life; and the clear discern- 
ing capacity, which enabled him to attain and retain the confidence 
of all who came in contact with him. Nor need I attempt to recount 
the valuable services which he rendered to the progress of that branch 
_of science to which his life was chiefly devoted. 

The second name is that of Allen Thomson. He too wasa school- 
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fellow, and a man of very varied accomplishment, and of rare mental 
quality. Perhaps with a harder grain of fibre he might have attained 
more general fame, for he was singularly unassuming and gentle, not 
from want of intellectual force, but from the balance of a retined 
nature. But he was especially adapted for the prosecution of exact 
science by the clear lucidity of his thoughts, and the quiet impartiality 
of his judgment. As a companion, he was charming, as he had rich 
resources on which to draw, and a delightful vein of cheerful 
humour in which all who knew him rejoiced. | | 

The last name furnished to me is that of one who well deserves 
to be commemorated here. It is that of the well-known Provost of 
Leith, Mr Lindsay. Iam glad of this opportunity of expressing 
not only my sense of the benefits which his labours have conferred 
on the public, but my own individual feeling of obligation for 
friendly co-operation in important public affairs. The Police Act 
which bears his name, and his exertions in which have earned the 
gratitude of the public, was not indeed the last word on the sanitary 
legislation for our crowded towns. But it was the most important 


_ contribution towards it of our day, and I doubt, but for Mr Lindsay’s 


help, it might never have been obtained. I had found on previous 
attempts that the opinions of the different burghs were so little in 
unison, that it was almost impossible to hope to adjust them within 
the compass of a Session of Parliament. But in reply to an applica- 
tion by Mr Lindsay made to myself as Lord Advocate at the time, 
to attempt to legislate in this important matter, I said that if he 
could obtain a reasonable acquiescence from the burghs in a general 
measure, I should be glad to aid in having it passed into law. Mr 
Lindsay accepted the proposal, and fulfilled his task with an amount 
of ability, tact, and patience which did him infinite credit, and 
deservedly earned for him the distinction which they yielded him. 
The year has been otherwise memorable in more than one respect. 
We entered our second century; but on that subject I sufficiently 
enlarged on a recent occasion. It was also distinguished by the 
brilliant and most successful celebration of the Tercentenary of the 
University of Edinburgh. We had, during the celebration week, 
the great and rare satisfaction of having papers read to us by two 
of the Honorary Fellows of the Society—one by Dr Helmholtz of 
Berlin, who has gained a European reputation by his discoveries in 
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physics; and Professor Cremona of Rome, whose work on the Theory 
of Projection has met with great celebrity, and has been translated 
into many European languages. The Society had also the pleasure 
of hearing an address on Cosmic Dust from the Abbé Renard, who 
is not a- Fellow of the Royal Society, but is known to us by his 
contributions to the records of the ‘‘ Challenger ” Expedition. 

I have now only to express the hope that the Fellows may meet 
at the commencement of next Session, recruited for fresh exertions. 

In connection with the Tercentenary celebration, I ought to 
mention that the Council did me the honour to appoint me as their 
delegate to represent the Society on that occasion. To my great 
regret, I was unable from the state of my health to attend the 
celebration, and our Secretary, Professor Tait, was appointed in my 
place. In the course of the discharge of the duty thus devolved on 
him, he presented a Latin Address from the Royal Society to the ; 
University, the terms of which were furnished by our Librarian 7 
Mr Gordon, and are as follows:— i 


AMPLISSIMO CANCELLARIO, RECTORI MAGNIFICO, DOCTISSIMOQUE 
UNIVERSITATIS EDINENSIS. 


Vii ILLUSTRISSIMI—Societas Regia Edinensis commemorationem 
tercentenariam Universitatis Jacobi Sexti, Scotorum Regis, con- 
celebrare et ornare vult. Etenim Societas Regia est filia Universitatis 
vestre, cul suavissimo commercio et sanctissim4 necessitudine devincta 
est. Quam multi philosophi, Universitatis Senatores, pars magna 
sunt et fuerunt rerum a Societate gestarum. 

_ Hoe die solemni memoriam magnorum virorum Academicorum 
renovare juvat, et tanquam Jacobi Sexti antecessor, Macbethus, 
obstupuit prolepticé visione seriei regum Scotie futurorum, sic 
sed retrospectu contemplamur hodie illos sceptriferos scientix 
principes, Senatores Universitatis, qui ab urnis suis adhuc intellec- 
tum humanum regunt. En Grecorivs, inventor telescopii reflexione 
agentis ;—MAcLAURINUS qui sublimiores res cosmicas illustravit, 
fluxum refluxumque maris, solis vias, luneeque labores ;—ROBISONUS — 
et Forsrsius, ambo Secretarii Societatis Regia, alter expositor 
encyclopsdicus totius corporis philosophie naturalis, alter nova 
theorié de molibus conglaciatis clarissimus ;—Monrol, anatomici 
celeberrimi, quorum Primus conditor Infirmarii, Secundus Anatomici 
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Musei vesiri conditor ;—Buacxrus, fundator chemie hodierne ;— 
CULLENUS originator pathologie philosophice, qui rationales 
methodos inanibus placitis scholasticis substituens, omnes medicos 
sui seculi longe exsuperavit ;—Jacospus GREGORIUS qui de arte 
medic& scripsit latinitate elegantiori quam qu& utebantur Romani 
medici;—CaroLus BELLIus in eternum memorabilis, qui primus 
loca modosque functionum nervorum demonstravit ;—Goopsirvs, 
anatomicus nulli sui seculi secundus, qui existentiam et structuram 
novorum animalium marinorum et parasiticorum indicavit, auctor et 
creator cellularis theoriz, et ejus applicationis ad pathologiam et 
morphologiam transcendentalem ;—CuRIsTISONUS qui primus vim 
certorum toxicorum et medicamentorum suo periculo expertus est ; 
quo nec ulla aetas nec civitas nostra unquam peritiorem aut 
feliciorem in tuenda et restituenda sanitate vidit ;—LisTERus 
conditor antiseptice chirurgie, nove et efficacioris methodi 
medendi;—BrewstTerus et alter patefaciendo leges 
lucis, alter leges caloris celeberrimus ;—RoBertsonvs, illustris 
fundator et pater Regie nostre Societatis, qui in immortalibus 
historiis magnas revolutiones sociales et religiosas gentium facundis- 
sime enarravit et elucidavit ;—Srewartus qui eloquentia antiqua 
philosophiam Scoticam exposuit, et juvenibus nobilibus, postea 
imperio Britannico prwfuturis, inculcavit principia renuntiationis et 
virtutis, atque responsibilitates Jibertati conjunctas ;—HamiILTonivs 
qui logicam Aristoteliam magnis augmentis ditavit, et novum 
splendorem philosophie Scotice addidit orator, 
qui perfervida et excelsi eloquentia atque administrativa sapientia 
patriam suam ad altiorem statum religiosum, moralem et politicum 
sublevare enitebatur, semper urgens et incendens sublimem devo- 
tionem humanarum energiarum ad assequendas meliores et matu- 
riores formas cujusdam perfectionis in longinquitate splendentis et 
evanescentis; philosophus. etiam, qui presentiam Dei in rerum 
natura, majestatem conscientie in homine demonstravit;— WILSONUs, 
vicissim grandis et solemnis, letus et facetus, nunc miserationem 
seu pathos movens, nunc salibus Horatii vitia et stultitias insectans, 
nunc tenerA sensibilitate Virgilii magnificentiam nature depingens, 
qui veluti prisci philosophi preecepta sua perpetuo carmine tradere 
gaudentes, poetico afflatu incensus tanto splendore imaginationis 
disseruit de affectionibus, voluntate, et conscientia, ut videretur niti, 
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analysi recondit& rejecta, auditores ad nobiles actiones et excelsas 
ideas summopere incitare; AYToUNUS, quo nullus magis Musis 
patriae suae dilectus,—nihil quod ille cecinit de heroibus Scotize 
delebit zetas. 

Satis habeatur dicere vos, viri illustrissimi, ab antecessoribus 
vestris minime abesse, optime de litteris, scientia et artibus meritos. 
Conjungentes itaque gloriam praeteritorum saeculorum ad splendidum 
progressum praesentis temporis, ampliore scientiarum curriculo, 
amplioribus aedificiis fruentis, pergatis rerum patefacere causas, 
ordinem et connexionem, resolventes problemata, et communicantes 
inventa quae attinent ad hominem, regnaque naturae varia, 


Terrasque, tractusque maris, coelumque profundum. 


Verum enimvero nunquam et nusquam gloria medicine magis 
floruit quam apud vestram Universitatem. Quot viri a vobis arte 


medendi instructi mortalibus egris ministrant intra et extra 


Garamantas et Indos, ubi flumina Novi Mundi per cataractas 
stupendiores cataractis Nili ad Oceanum Atlanticum properant, et 


ubi insule terris continentibus equales surgunt e Mari Australi. | 


Que regio vestri non plena laboris ? 

Denique vestra Universitate semper strenue statuente eradicare 
et delere idola tribis, spectis, fori et theatri, olim a Cancellario 
philosophico Jacobi Sexti reprobata, atque semper in magnis 
artibus et disciplinis colendis 76 Qéov xat 7d det assequi enitente, 
fundamenta vestre philosophie posita sunt non solum in 
cognitionibus a priori sed etiam in experientia; et fundamenta 
vestree ethic doctrine non solum in utilitate, vel consuetudine, vel 
hominum pactis et conventionibus, sed magis in quodam sensu seu 
facultate regali, ut Platonice loquamur, nobis divinitus insité. 

Comprecamur ut omnia vobis fausta et felicia eveniant, utque ita 
de scientiis, de litteris, de patrié et de genere humano, ut meriti 
estis, in posterum magis atque magis mereamini. | 


Nomine et Auctoritate Societatis Regize Edinensis, 


MONCREIFYF, Praeses. 
P. G. TAIT, a Secretis. 


xv Cau. MAIAS, A.D. MDCCCLXXXIV. 
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An Analysis of the Principles of Economics. By 
Patrick Geddes, 
Read 17th March, 7th April, 16th June, 7th July 1884). 


INTRODUCTION. 


§ 1. In a paper* read nearly three years ago to this Society, I 
have attempted | | : 

(1) To review the existing state of statistics ; 

(2) To define the nature of the subject, and its relation to history 

and the sciences ; : 

(3) Broadly to group and co-ordinate the whole body of existing 
and possible statistics, in relation to the respective 
statistical sciences; and 

(4) In accordance with the preliminary sciences to frame a 
classification embracing all existing and possible socio- 
logical statistics. Moreover, 

(5) This was shown to involve, or rather actually to constitute, 
an aspect of the pressing problem of the systematisation 
of the literature of economics, of which 

(6) The existing schools were briefly criticised ; 

(7) The relation of the conceptions of scientific economics to 
practical economics was outlined ; 

(8) As also their relation to ethics. 

The present paper proposes to deal with more attractive aspects 
of economic science, and although inevitably to some extent also 
critical, is primarily of systematic and constructive aim. 

§ 2. In the domain of all the studies which directly concern man 
—in biology and psychology, in ethics, politics, and economics 
alike—it has often been pointed out how theoretic conceptions are 
subtly, instinctively, almost inextricably interwoven with practical 
considerations, Economic literature is especially unfortunate in 
this respect ; in many authors hardly a sentence is without this 
double effect. To eliminate then, and reserve for separate subsc- 


* “On the Classification of Statistics and its Results,” Proc. Roy. Soc. 


-Edin., 1881; also published separately by A. & C. Black, Edinburgh. 
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quent criticism, all practical considerations—to distinguish doctrine 

from practice, to separate principle from precept, and construct 
science apart from art—is the first aim of the present inquiry. 
Precisely as biology underlies medicine, and astronomy navigation, 
so sound practical economics can only be profitably attempted after 
sound scientific conceptions have been attained. 

§ 3. The attainment of scientific principles being aimed at, the 
scientific method, and the scientific method alone, must be used. 
This involves a further, a sterner, and a far more difficult assay of 
economic literature than the preceding, which aimed exclusively at 
the removal of irrelevant practical matter. The influence of other 
extra-scientific conceptions, theological or metaphysical, optimistic 
or pessimistic, has also to be guarded against. 

§ 4. Having then successively eliminated as irrelevant to our 
present purpose the disturbing elements above referred to, what 
strictly scientific matter remains? Much; yet this is in such a form 
as to demand a new analysis. For this, as in the preceding paper 
on statistics, two postulates are required—(1) the classification of the 
sciences, and (2) the main conceptions of each—the comparatively 
simple conceptions of physics preceding those of biology ; those of — 
biology being followed by those of psychology, and these again by 
sociology. The elimination of practical and of philosophical considera- 
- tions does not then suffice. New difficulties were in the first place 
shown * to depend not only upon the profound disagreement as to 
scope and method of the subject, but as to its very nature, some ~ 
claiming it ‘‘ to be a logical science, others a mathematical, others a 
physical, others a biological, others a psychological, others a social, and 
others an ethical science ; while some hold it to belong partly to one 
of these sciences and partly to another.” Yet others, as if the wealth 
they are concerned with were not material, and the population of 
which they discuss the laws did not consist of living organisms, 
practically isolate it altogether from the sciences, even those of 
matter and life. The economist of literary or legal training assumes 
that subtle verbal definition expanded under the rules of formal 
logic will create a rigid, universal system. The mathematician up- 
holds the “ statistical method,” or the expression of economic laws 
by algebra and the calculus. But the economist of more practical 


* Classification of Statistics, p. 26. 
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and concrete tendencies interests himself as exclusively in “ material 
wealth—its production, distribution, and consumption”; giving but 
scanty consideration to the nature and wants of the community for, 
and by which, this wealth is produced, distributed, and consumed. 
Most economists, however, are so far biologists as to recognise the 
physiological laws made prominent by Malthus. Psychologists and 
moralists, in insisting upon the estimation of pleasures and pains, or 
the analysis of mind and motive, have had no small influence upon 
economic theory ; the historian has now entered the fray, and urges 
weighty claims to predominance ; so too does the anthropologist ; in 
short, it has been attempted to constitute the economic science by 
the aid of almost every possible mode and department of scientific 
inquiry, and no better evidence of failure can be imagined than is 
afforded by the claims of each of these inco-ordinated systems to 
exclusive success. | : 

§ 5. Yet we are bound to assume the applicability of the sciences, 
and seeing that all have been by turns applied, how is the 
“notorious discord and sterility of modern economics” * to be 
explained ?. There are two main reasons for it—first, that the 
application of the sciences has not been systematic or in any way 
co-ordinated; secondly, that although applied, their application 
has been in almost all cases imperfect or faulty. The “statistical 
method” has been already criticised, and the few applications of 
higher mathematics yet made will not at present be discussed ; but 
passing to physics, it will at once be evident to any reader, however 
little versed in science, that the discussions or definitions of the 
nature of “material wealth,” of “intrinsic value,” and the like, 
which are to be found at the outset of almost every economic 
treatise, remain at best in precisely the state in which Smith found 
them, and are wholly uninfluenced by modern physics. In biology 
too,—while the law of reproduction discussed by Malthus has become 
in the hands of Darwin the foundation-stone of that theory of 
evolution by natural selection, which has not only revolutionised 
modern biology, and with it our views of the origin, nature, and 
destiny of man, but has shed new and brilliant light upon the 
special sciences which concern him, anthropology, philology, 


* Ingram ‘‘On the Present Position, &c., of Pol. Econ.,” Brit. Ass. Report, 
1878. 
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psychology, and ethics,—the economist alone remains behind, and 
although long ago armed with the purely biological ideas of com- 
petition and co-operation, delays to modernise his theories by the 
aid of the new learning, and treats them as if they were inde- 
pendent of such general conceptions of struggle for existence, of 
functional differentiation and change, of polymorphism, and the 
like, of which they are really special cases. 

§ 6. We see, too, that theories of the mental and moral nature of 
man hold a large place in the constructive attempts of many econo- 
mists, yet probably no one will seriously maintain that these exten- 
sive psychological postulates have much in common with any 
school of psychology now extant. Nor do the ordinary economic 
postulates as to the structure of society and the origin of its insti- 
tutions contain much which Mr Spencer, Mr Tylor, or Sir Henry 
Maine would recognise as pertaining to modern sociology, but 
rather exhibit a closer affinity (suggestive of direct descent) with 
the Contrat Social.” 

§ 7. Enough, then, has probably been said to show that even the ~ 

economic systematists who seek to apply scientific conceptions at 
all are unfortunately provided for the most part with archaic or 
incomplete ones, when indeed they are not wholly erroneous ; and 
political economy is thus seen to present in a marked degree that 
lagging behind the general advance of knowledge which not unfre- 
quently occurs even in the ranks of the preliminary sciences— 
witness the obsolete chemical notation conserved by mineralogists. 
_ § 8. Political economy must therefore be treated as a crude 
science, standing to sociology much as the psychology of the last 
century to that now in process of evolution. Criticism of such 
provisional syntheses must be (1) appreciative of them as embryonic 
‘stages of true science, and for their historical services; but (2) 
destructive where they claim vitality and impede progress. The 
former is a branch of history proper, the latter of what we may 
call intellectual paleontology. This criticism by means of the pre- 
liminary sciences is therefore really conservative, since it affords a 
touchstone for assaying the whole literature of the subject, sentence 
by sentence, if need be. , | 

Even though the reader may feel contented that the particular 
system to which he happensto have been trained or attached is 
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exhaustive and satisfactory, its usefulness will really be to him none 
the less, since the synthesis which, through this analysis, we shall 
ultimately reach must coincide with his own,-—thus constituting a_ 


brilliant independent verification such as is eagerly sought for in 


science,—and so establishing his position to the exclusion of all 
others. 

§ 9. At whatever labour, then, the economist must no longer shrink 
from acquainting himself with the preliminary sciences ; the common 
objection that he “ finds it laborious,” or that he “ cannot hope to 
become a specialist,” and the like, notwithstanding. But fortu- 
nately such alarm is groundless, for no specialist's knowledge is 
required. It will be found in the sequel, that just as the most 
elementary, if clear, knowledge of mathematics, scarcely extending 
in algebra beyond simple equations, nor in geometry beyond the 
construction of rectangles and curves, is shown in statistical treatises 
to give a new precision and clearness to conceptions of economic 
quantity ; so a similarly rudimentary, if real, knowledge of physics 
and physiology—of the doctrines of the permanence of matter through 
transformation, of conservation and dissipation of energy, and of 
the functions of living organisms—will here serve for a commence- 
ment. Nor will more be postulated in the present work. 

The plan of the undertaking will now be readily understood; it 
is, in short, once more to prepare for the construction of a “ system 
of economics ”—not, however, by means of new definitions and old 
dialectic, nor by the deductive application of a few principles taken at 


random from an early state of some single science—but in harmony 


with the organic whole of the preliminary sciences ; using, as far as 
may be, such materials as after due refining economic literature 
may afford; thereafter proceeding as far as possible by investiga- 
tion. It is necessary then, in the first place, to collect and arrange 
the materials for such a system by successively extricating from the 
vast mass of too discordant economic literature, and by observing 
as far as possible in actual society—first, the most important facts 
and generalisations of physical and chemical nature; next, those 
essentially biological and psychological ; finally, those distinctively 
sociological—uniting this task of constructive criticism and new 
observation with such application of those respective sciences as 
may be possible. Thus principles of economics serviceable for the 
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subsequent construction of systematic economics can be obtained and 
tested; and to point out the road which may lead to the elucidation 
of such principles—without any pretence at exhaustive treatment of 
detail—is the aim of this paper. The existing economic literature, 
then, will henceforth be regarded as a storehouse of ideas of all 
kinds and ages, which, in so far as scientific, we have to disentangle 
and arrange on the plan above outlined into bodies of principles, 
dealing with each successive aspect of the subject, physical, biolo- 
gical, psychological, and social, these forming separate chapters, 
each accompanied by a summary, while the appreciation of the 
history of economics will be postponed. The inquiry as to the 
logical method or grammar of economics, and the mathematical 
principles involved in its treatment, instead of forming the subject 
of an initial dissertation, will be relegated to a final appendix also 
of partially historical character. 

§ 10. But the economist, even if not refusing the ayeteniatic 
application of science above proposed, will urge that economics 
must not only be pure but applied, not only scientific but practical. 
Assuredly so ; for while eliminating as irrelevant any admixture of 
practical considerations with the purely scientific portion of the 
subject, it will yet be attempted, in an appendix to each chapter, 
though of course only in the most brief and general way, to indicate 
the possible lines of modification of each set of factors, whether such 
modification has been effected or attempted in past or present time, 
proposed by any of the various schools of practical. economists, or 
suggested by scientific knowledge. 

_§11. The plan proposed is thus easily applicable to the wants of 

either specialist or generaliser, whether of scientific or practical 
bias ; for the chapters may thus be successively read for the doc- 
trine, and their respective appendices thereafter for the derived 
practice. - And when the work is completed, while those especially 
familiar with the preliminary sciences will doubtless prefer the 
ascending order from physics onwards, the student whose interests 
lie rather in the supreme social and practical aspects of the subject, 
will without much inconvenience take the chapters and appendices 
in the reverse or descending order. 

§ 12. But even then we have no system of economics. True, 
nor has any system yet existed, the innumerable so-called systems 
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being, as we have seen, complex mixtures of ideas of every possible 
order, which, from the present point of view, are to be regarded as 
material to be disentangled and rearranged on the plan above out- 
lined into bodies of principles dealing with each successive aspect 
of the subject. Those principles once extricated, however, we 
obtain a key to the mode of construction of these systems, and an 
explanation of their incompleteness—each school, as was already 
_ pointed out, having srrasped principles chiefly referable to one order 
_ only, and having used these to the practical exclusion of principles 
belonging to other orders. Hence such efforts as to restrict the 
domain of economics to questions of statistics, value, or exchange ; 
and the attempt thus to solve all problems is obviously incomplete. 
Similarly, the restriction of the subject to material wealth, without 
consideration of the organisms of which the occupations, rate of repro- 
duction, mode of competition, &c., furnish biologico-economic prin- 
ciples. So with the investigation of biological principles without heed 
of the next order of factors—the psychological principles—or the very 
frequent attempts at completing a system, by the aid indeed of biolo- 
gical and psychological considerations, but without passing from the 
study of the individual to that of the higher unit—the society— 
with which the sociological principles are alone concerned. Theso — 
are all examples of an attempt on the part of each preliminary 
science to annex the province of the succeeding one, an error which 
of necessity vitiates the system thus obtained. To this intrusion of 
each preliminary science upon the domain of its ascending successor, 
the term “ materialism,” though generally restricted to the attempt 
to reduce all sociology and morals to biology and physics, has with 
great advantage been sometimes extended. 

§ 13. The existing systems of economics are not only vitiated by 
this error of some form of “materialism,” but also largely by the 
converse and if possible more serious error, that of attempting to 
make any one science do duty for those which underlie it,—which 
may conveniently be termed “ ¢ranscendentalism.” The attempts at 
system vitiated through the error of “ materialism,” which we have 
just been criticising, have largely indeed been due to an.even earlier 
prevalence of “ transcendentalism.” The man of moral bias, in at- 
tempting to construct a perfectly moral theory of economics without 
full and constant reference to the facts of exchange, of production, 
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of population, of their wants, and of the existing society,—which 
furnish the principles underlying any moral theory,—has long since 
brought the whole subject of morals into disgrace among econo- 
mists, with the lamentable yet not unnatural result that any one 
attempting to introduce ethical considerations, even in their proper | 
place, is apt to be scouted as a “‘sentimentalist.” Again, the econo- 
mist to whom the society is of paramount interest, frequently 
ignores its individual components, and so on. So strong, indeed, — 
is this tendency to transcendentalism, that the class of principles 
with which we shall commence our ascending survey—the physical 
—has been the very last to secure a hearing. In short, each of the 
succeeding chapters, physical, biological, &c., looked at alone, is a 
systematised materialism to its successors, and a transcendentalism 
to those which precede it. Hence the need for an ultimate synthesis, 
which must aim at reconciling all these different points of view. — 

§ 14. The synthesis to be attempted, then, must aim not only at 
balancing the claims of all these principles without that excessive 
or defective insistance upon one order of them which constitutes 
materialism or transcendentalism, but. at interweaving them into a 
lasting whole. The postponement of the construction of a system 
(imperfectly foreshadowed, however, in the Classification of Statistics) 
to the present task—the discussion of principle—is thus necessitated ; 
hence the plan of the present work. 


CHAPTER I.—PHYSICAL PRINCIPLES. 


§ 15. General Enunciation of the Problem.—Passing over the dis- 
cussion of the mathematical aspects of economic phenomena to the 
consideration of their concrete physical aspect, we are not simply 
concerned with the abstract theory of statistics or of exchange, but 
have to investigate the concrete economic facts; and these not only 
in their quantitative, but also in their qualitative relations. The 
apparatus and the processes of social activity have to be observed and 
classified with an equal eye towards minuteness of detail and extent 
of generalisation; they must, moreover, be expressed in terms of 
physical science. For as the physical physiologist has long since 
definitely undertaken the task of explaining the mechanism of the 
individual organism in terms of chemistry and physics; or as the 
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physical geologist not only observes the form and changes of the 
earth’s crust, but explains them by the aid of the same sciences; so 
precisely must the physical economist deal with those phenomena of 
the visible universe which are specially allotted to him. From the 
present point of view we must constantly bear in mind that all 
these phenomena are alike material—that all the changes which we 
observe, whether in the earth’s crust, in organisms, or in the inter- 
action of organisms with their environment (an inquiry within 
which indeed the economic operations of mankind are not only 
recent but comparatively small), are alike expressible in terms of 
chemistry and mechanics. Social phenomena are to be viewed 
simply with regard to the matter and energy consumed or liberated, 
and physical economics is thus the study of certain forms of matter 
in motion. 

§ 16. Particular Enunciation of the Problem—Leaving to later 
chapters those considerations of biological, psychological, sociological, 
and ethical scope, which are present or latent in almost every extant 
discussion of ‘‘ material wealth,” and endeavouring to dispense alto- 
gether with metaphysical thought and metaphorical expression, and 
postulating simply the elementary facts of physical science, and 
more especially those of the doctrine of energy, we may enter upon 
our inquiry. What is this “wealth,” what is meant by its “ pro- 
duction,” its ‘‘ distribution,” its “consumption?” What are “land, 
labour, and capital?” What is this process of “exchange,” and 
what is the meaning of “value?” What are ‘‘ producers and con- 
sumers,” and so on? 

§ 17. Qualitative Analysis.—It is convenient to begin with the 
“producers and consumers.” These indeed as organisms might at first 
sight seem only admissible when biological aspects of the subj ect are 
being discussed, but it has just been pointed out that the physiolo- 
gist has already in great part interpreted their functions in terms of 
pure physics, and we are thus not merely entitled, but bound to 
include them in our present survey. They come before us, how- 
ever, not in all their complex relations, afterwards to be discussed 
in the biological chapter, but simply as so many forms of mechanisms 
constructed from the matter of the earth’s crust and worked by the 
energy of the sun—as so many species of automata called Homo, 
Formica, &c. Every such automaton is of course constantly wear- 


| 
| 


952 Proceedings of the Loyal Society 


ing out, and its energy running down—and this waste which its 
functions involve must be repaired by obtaining from the environ- 
ment periodic supplies of new matter and energy. From the 
- destructive forces of the environment it must similarly be pro- 
tected; and so on. From the present standpoint then it is not 
merely analogous to, but identical with a mechanism ; “ producers” 
are those automata devoted to the acquisition of matter and energy 
from the environment; while all are ‘‘consumers,” and in this 
aspect in wonderfully similar degree. 

Without ignoring the historic services of the physiocratic school, 
the application of the conceptions of modern physics to economics 
may be fairly said to date from Professor Tait’s discussion of the 
Sources of Energy in Nature, published about twenty years ago (see 
North British Review, vol. xl., also Balfour Stewart on Heat, &c.). 
The subject has been developed to some extent by other physicists, 
as Siemens, Thomson, &c., but seldom by economists, with the dis- 
tinguished exception of Professor Stanley Jevons, whose investi- 
gations on the coal supply, and whose hypothesis of the correlation 
of sun spots and commercial crises, are both essentially from the 
present point of view. me 

Starting then from a given territory at given time, and enumerat- 
ing the utilisable sources of matter and energy in the form given by 
Tait, and adopted inthe Classification of Statistics (p. 13, table B), 
we may proceed to systematise the phenomena of production and 
consumption, and this is most conveniently done in diagrammatic 
form. Let us arrange these facts—which should of course aim at 
statistical precision—in a first column. (Op. cit. and fig. 3.) 

After these we may further enumerate the sources of matter not 
used for the sake of its potential energy, but on account of its other 

properties (physical, chemical, &c.). This matter and energy are as 
yet mere raw material or potential products, and require develop-. 
‘ment into ultimate products ; the requisite processes of production 
having generally three stages—exploitation, manufacture, and move- 
ment, the last including transport and exchange; for exchange 
from our present point of view is simply part of the process of 
movement of the product from the place of production to that ot 
consumption. That proportion of potential products (large in com- 
plex societies) which has to be converted into apparatus used in 
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the stages of development is conveniently termed mediate products ; 
and thus we have an exhaustive classification of all products what- 
ever in its most generalised form. Finally, much premature dissi- 
pation and disintegration, termed loss, may occur at all stages of 
development and must be estimated for.* (Op. cit., pp. 13 and 14.) 
As has been already shown, such a table includes not only an 
account of the processes of transport and exchange, but of the 
facts of the equally relevant though less investigated subjects of 
exploitation and manufacture, commonly grouped under technology. — 
The standpoint being thus sufficiently explained, and the stages 
of production defined, it is obvious that our physical standpoint 
enables and compels us to inquire into their details. Were this an 
exhaustive treatise on physical economics, it should commence with 
a minute statistical survey of the sources of energy and of the pro- 
cesses of exploitation—agriculture, fisheries, mines, &c. It should 
include not only the classical quotations from Smith on pin-making 
and Babbage on the economy of manufactures, but a ee 
survey of manufactures and of the vast ap- 
pliances of modern transport by land and | 
sea; it should summarise those investiga- | PRODUCTION DURING 
: AGE OF ENERGY. 
tions upon the phenomena of exchange, — an 
upon which so many economists entirely — 
specialise themselves ; it should also esti- 
mate the loss at all stages preceding con- 
sumption ; at every stage, too, it should 
consider the mediate products and the pro- 
ducer-automata employed; and, finally, it 


should classify and estimate the ultimate — OF IRON, 
products. | 

So far, our knowledge would be confined “ee 
to a given place and time; but such statistics se 
‘should be sought for all other places and Fig. 1. 


times, these statistics piled up into history, and this history genera- 

lised and compared. Thus, we should investigate such a hypo- 

thetical graphic statistic as the accompanying ; aim at approximately 

comparing, that is to say, the relative income of matter and energy 
* These considerations are more fully developed in the Classification of 

Statistics, pp. 13, 14. 
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from Nature in the various ages of production—stone, bronze, iron— 
with which the archeologist (who is indeed essentially an historical 
economist) has done so much to acquaint us, and compare these 
with the result in our modern age of energy. The historic evolution 
of processes and products, both in their varying rates and details, 
and in aggregate, should further be discussed ; for of the (derived) 
hypothetical historical curve (fig. 2) our fragmentary historical 
knowledge would enable us to approximately fix a few points. 


PRODUCTION 


OR STONE OF BRONZE OF IRON OF ENERUY 
| Fig. 2. | 

_ Such a curve could, of course, be precisely ascertained for some 
elements of recent production; and valuable conceptions, as, for 
instance, the “law of diminishing return,” derived from it by mere 
inspection. | 

Similarly the specialisation of processes known as “ division of 
labour,” and the converse process of generalisation, or ‘‘ concentration 
of labour,” are more clearly intelligible. ‘‘ Capital”.is decomposed 
into the apparatus (mediate products), and energy employed in pro- 
duction. No elaborate discussion is needed to refer ‘‘ money” to its 
place amidst the apparatus of movement, and so on. 

But where is the novelty and what the utility of such an analysis, 
the economist may by this time naturally ask. 
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Such detailed studies are, of course, largely scattered through 
economic literature, nor does any one dispute their relevance. Such 
abundant extant investigations as those upon the phenomena of 
trade and money, or the vast historical labours which are specially 
due to the German school, furnish abundant partly co-ordinated 
material. The present aim is, however, to suggest how such positive 
results must be systematised and interpreted in terms of physics. 
And it must now be further shown that not only are our studies of 
economic processes, so far as consistent with fact, capable of physical 
expression, and (1) that this leads to greater systematisation—to 
greater precision of treatment in detail ; but also (2) that this mode 
of treatment involves a considerable change in the conventional 
theoretic point of view; and (3) that it furnishes grounds for a 
systematisation of practical action. , 

§ 18. Quantitative Analysis—The conception of the processes of 
production and consumption as one vast mechanical process ; the 
view of society as a machine, in which all phenomena are interpreted 
as integration or disintegration of matter, with transformation or 
‘dissipation of energy, affords not only a generalisation of the widest, 
but a systematisation of the most thorough kind; nor is its applica- 
bility qualitative only. It is legitimate, nay inevitable, to apply the 
quantitative conceptions of physics—the modern measurements of 
matter and energy. Such and such quantity of matter is exploited, 
say a units; so much is lost in each process of production (6+¢c+d); 
so much remains as ultimate product (a—(b+¢+ d)); after con- 
sumption so much of this becomes available for new exploitation as 


a waste product. Again, so many units of energy a are exploited ; — 


the processes of exploitation, transport, &c., cost so many units, say 
6; the remainder (a— 6) is the energy available. This idea is ex 
pressed by the upper portion of the diagram, fig. 3 (q.v.). The amount 
of energy and matter exploited during unit time is denoted by the 
first rectangle, and the quantity disintegrated and dissipated in the 
process by its upper dotted portion; the difference passes to the 
manufacturer, whose waste and expenditure of matter and energy 
are similarly denoted ; the remainder, after again suffering deduction 
for the processes of movement, and the accompanying losses, repre- 
sents the amount of ultimate product, of which the transitory and 
permanent portions are similarly estimable. ‘Taking, for example, 
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our most important source of energy—coal; the complex problems — 
of its ratio of exchange, and the causes of its fluctuation, of the 
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Fig. 3.—The lower portion of the diagram is intended to contain the details 
of production and consumption; the upper to recare the changes of matter and 
energy in the process. 


external and internal relations of the producer-automata, of the 
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apparatus and energy employed in its exploitation and movement— 
in short, of price, labour, capital, &c., and so on, have all to be dis- 
cussed. Much of this is done in ordinary treatises—the primary 
_and essential physical problem, however, remains (untouched by 
economists, save Mr Jevons almost alone)—that (1) of estimating 
the total quantity of energy stored at our disposal in this form per 
area of territory; (2) the gross and net quantity utilisel per unit 
time ; (3) the details of its utilisation and ultimate dissipation. 

Thus physical precision can be approximately reached: measure- 
ment in terms of units of energy as well as of units of weight is 
practicable: and, this physical conception once introduced, its exten- 
son to all processes must be attempted. For the treatment of this 
only one other consideration need be pointed out—the possibility of 
expressing the labour of the producer-automata, just as we do that 
of the ordinary machines with which they are so largely inter- 
changeable : the horse-power of an engine is easily translatable into 
man-power—might, indeed, always have been so expressed ; this 
«ranted, the conception of a man-day (of course averaging the same 
for labourers of a given community at given time, though vastly 
differing according to the age of energy) and its multiples (man-year 
—man-life) with the higher multiples of these can all be approxi- 
mately stated. Producers and machines are, In short, not only 
interchangeable but commensurable. 

Against the gross product of exploitation must be set the quantity 
of matter and energy expended in its production, together with the 
quantity wasted through the imperfection of our processes, plus ail 
losses through other agencies. The gross product is expressed by the 
rectangle of exploitation in the upper table, the deduction for losses 
is indicated by the uppermost portion cut off from it, that for cost 
of production by the lower dotted portion, the remainder is the net 
product. Upon this the processes of manufacture and movement 
have to operate ; and their cost and loss being similarly deducted, 
the remainder is the net amount of ultimate product. 

In the hypothetical graphic statistic of the table, the net amount 
of ultimate product may seem unwarrantably small in proportion to 
the gross amount of potential product ; this smallness is intended to 
suggest the vast losses of energy and, matter, often many times 
exceeding the product, due to the imperfection of our proces es. 
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This element, however, does not of course enter into the cost of 
production, which involves merely the apparatus, mediate products 
and energy actually expended, plus those losses by fire, &c., already 
mentioned. And thus, though the net quantity of ultimate product 
may be very small in relation to the gross quantity exploited, the 
process yields a profit so long as the sum of the rectangles repre- 
senting the cost of production at each stage does not equal or exceed 
that representing ultimate products, and this surplus is in fact the 
_ interest paid by Nature upon the matter and energy expended upon 
her during the processes of production. The rationale of the partition 
of this surplus, and of the ultimate products generally, cannot be 
considered until after the psychological and social conditions, which 
so largely determine them, have been investigated ; the actual facts 
of movement and position of ultimate products can of course be 
observed, and the physical economist then has means of measure- 
ment and comparison other than that afforded by money,—his 
units are really the metre and kilogram of the physicist,—and only — 
when some quantitative data in these terms are approximately 
reached will those expressed in money be really capable of inter- 
pretation. And if space allowed, the difficulty of such statistical 
measurement of all the greater economic 
processes might be shown to be much 


already exist ; thus we constantly find the 

mechanical energy of Britain described 

as the addition of so many million 
p Workers; suggestions, too, have constantly 

been made to estimate capital, or to ex- 
. p Press the ratio of exchange of producis in 
Fig. 4. terms of the labour they represent, and 
many other ideas emitted which await the systematic application of 
physical measurements. 

§ 19. Quantity of Ultimate Products per unit time.—The quantity 
of ultimate products obtained per unit time being known, the average 
store of wealth of the community, and even the details of partition 
are readily observed and denoted. Thus (fig. 4) the rectangle 
ABCD may denote the average wealth of a community at one time, 


eo more apparent than real. Many frag- 
E - mentary investigations of this kind indeed 
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and ABEF at another, while the wave lines joining CD and EF 
respectively denote those deviations from the average partition, 
termed riches and poverty. But, as was pointed out in the pre- 
ceding paragraph, though these phenomena can be observed, their 
explanation does not come within our present province. 

§20. Quantity of Ultimate Products per aggregate time. Synergy. 
—The summation of the quantities of product in successive times, 
_ though seldom considered, must, notwithstanding, be attempted. 
Taking the year as our unit time, the quantity of production per 
lustrum, decade, generation, century, even per economic age, must all 
be inquired into, and the ultimate aspect, the highest generalisation 
of production, is that of the collective production of mankind—of 
the Synergy of the Race, with its material products, transitory and 
permanent. 

§ 21. Quality of Ultimate Products.—The problem of classifying 
the ultimate products now arises. These are frequently arranged (1) 
_ according to their sources, or (2) according to the processes by which 
they are obtained, while (3) the only plan which really treats them 
as ultimate products at all, arranges them according to their relation 
to the consumers (these being, as already explained, from the present 
point of view mere automata needing fuel, shelter, covering, &c.). 
Ultimate products are thus commonly classified by economists, yet 
an important rectification is necessary. oe 

The number of consumer-automata being definite per unit time, 
the quantity of ultimate products required per unit time (“‘ necessaries 
of life”), fuel, shelter, &c., for their structural and functional main- 
tenance is also perfectly definite and ascertainable. Without enter- 
ing upon an elaborate yet practicable investigation of the details of — 
this, it is evident that a criterion is furnished us by the durability 
of the automata in question. For, if these last the normal time, it 
is evident that the necessaries for normal maintenance cannot to any 
serious extent have been deficient. Thus we should expect @ prior 
considerable definiteness of quality and quantity of ultimate products 
through all variations of space and time; yet rather the reverse 
seems observable. For a Russian, Norseman, and Scot, living in much 
the same geographical conditions and for much the same time, the 
quantity of ultimate products consumed per annum is enormously 
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different, being expressed in money values by a recent authority * as 
what we may take in round numbers as £7, £14, and £30 respec- . 
tively. How is this to be accounted for ? 

The ordinary method of meeting the difficulty is to distinguish 
ultimate products into necessaries, comforts, and luxuries, and to 
account for differences in consumption, by assuming a greater 
amount of the latter. To give this scientific precision, we may first 
distinguish the ultimate products into a definite quantity of 
necessaries, plus a variable amount of super-necessaries, and then 
inquire what is the quantity and what the quality of the latter. 
The food consumed in these two places cannot vary much in 
quantity, the necessary fuel (proteids, fats, amyloids, water) must 
like be present in each case; how is the enormous difference in 
quality to be explained? If one represents necessary alone, the 
other represents necessary + super-necessary: the former replaces 
structure and maintains the energies; but the latter is only intel- 
igible when we anticipate and borrow a conception from physical 
physiology: it is addressed to the stimulation of the sense organs, 
gustatory, visual, and tactile, of the consumer—represents so much 
cesthesis, The variable super-necessary must henceforth therefore 
be termed the esthetic element, and ultimate products are accord- 
ingly analysed into their necessary and their esthetic elements. 

From the preceding discussion it is obvious that if population 
and duration of life be constant, all increase in ultimate products 
per unit time is expressible in terms of zsthesis, and it remains to 
investigate the relative amount of this. _ 

It is commonly assumed by economists of all schools, that in pro- 
duction the necessary element enormously predominates—in any but 
the very poorest communities, however, this conclusion has no justi- 
fication in observed fact. In the above case of Russian, Norseman, 
and Scot, even if we assume the consumption of the first as purely 
of necessaries, the element of exsthesis in the consumption of the 
last must be approximately (local differences in purchasing power 
being disregarded, especially as smallest for necessaries) measured 
by the difference in expenditure above mentioned, and must stand 
to the necessary element as say 3 to 1. So far, therefore, from 
calmly ignoring esthetic considerations, a nearer approximation to 


* Mulhall, Balance Sheet of the World. 
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the facts of production and consumption might actually have been 
reached by economic writers had they restricted themselves to these. 

Thus, even for the physical study of production while the import- 
ance of the necessary element is fundamental, that of the esthetic 
is superior. In any at all civilised community, in short, every 
ultimate product has visibly superadded its cesthetic subfunction 
of visual stimulus, and (without trespassing in any way upon the 
province of esthetic criticism by considering its quality) the 
physical economist must estimate the details and cost of production 
of each of these two elements respectively. And when we add up 
the esthetic subfunctions of all “ necessary” ultimate products, and 
add to this the vast quantity of purely zsthetic products, we see 
how small the fundamental element of production has become in 
relation to the superior, and reach the paradoxical generalisation 
that production, though fundamentally for maintenance, is mainly 
for art. | | 

§ 22. Consumption.—DPassing to the study of the disintegration 
and dissipation of energy which we term consumption, we find that 
this takes place at variable rates. What disappears per unit time 
as food, clothing, &c., is termed transitory, what remains is relatively 
_ permanent. As the unit time is extended from day to year, and 
from year to generation and century, the transitory element of course 
increases at the expense of the permanent. And since the ultimate 

product newly produced + the store of permanent products consti- 
tute the quantity of wealth per given time, this is seen to be 
equally modifiable by the two independent variables of production 
and conservation. The old conceptions of domestic economy find 
here their place and use, and only require generalisation to be 
exhaustive. The term consumption is only fairly applicable to its 
transitory element, and should be superseded in its generalised 
sense by the homelier term of use. 

§ 23. Economy.—Passing to the most highly iciaioadn concep- 
tion of use by extending space and time till we reach the synergy of 
the race (§ 20), the importance of the element of conservation becomes 
of ever-widening importance, for the accumulated wealth—and con- 
sequently the historic synergy—may be said to vary almost inversely 
as the transitory, and directly | as the permanent elements of pro- 
duction. 
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§ 24. Physical Aspects of Population.—It might at first seem that 
all questions of population must be left to the biologist ; yet a cer- 
tain aspect of the subject must inevitably be taken here. For the 
processes of production not only machines but ‘ producer automata” 
(“hands”) were seen to be necessary; and the latter simply differ 
from the former in consuming ultimate products as fuel, &c. The 
portion of ultimate products thus consumed (which then return in 
fact to the category of mediate products, being hence often included 
under capital) varies per “hand” per unit time—and is accordingly 
known as the “standard of comfort.” Increase or decrease of pro- 
duction (processes and standard of comfort being constant) must 
therefore be accompanied by proportional increase or decrease of 
producers, and hence the multiplication of population is seen to 
have a strictly physical aspect. In other words, the investment or 
withdrawal of capital in production involves a proportional stimulus, 
or check to population, and similarly with variations in processes or 
in standard of comfort. 


APPENDIX TO CHAPTER L.—PracticaL PuysicaL Economics. 


§ 25. Practical Physical Economics.—On the plan already outlined 
of investigating the practical aspect of our subject, we should 
inquire in what directions do all the various observed social changes 
tend ? what modifications of them are consistent with physical law ? 
and by the systematisation of these obtain our ideals or utopias: 
but it needs no detailed investigation to see that all changes of pro- 
duction and consumption tend either towards increase or diminution 
of their results per unit time (even maintenance of production 
tending strictly to the former), every movement of man upon the 
globe acting in one or other of these directions; hence alternative 
ideals of production appear at once, and admit of simple formulation 
into rules of practice : 

1, Maximise production 


it ti 
2. Minimise produc ad O of ultimate products per unit time ; 


with subsequent similar rival ideals of consumption, 


(1) Maximise consumption 


(2) Minimise consumption | of ultimate products per unit time. 
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§ 26. Ideal of Production.—We are called upon here to select 
between two alternative ideals, and without entering into any dis- 
cussion of optimism or pessimism, we are compelled as practical 
economists to ignore the second, which leads of course to the nega- 
tion of practical economics altogether. We have simply then to 
discuss the practical means of maximising production per unit time, 
though noting that every action in the community is ascertainably 
of one or other tendency. | | 

§ 27. Production.—Starting from the estimate of the attainable 
sources of energy in nature, and from the scrutiny of the processes 
of technology and movement already outlined, our maxim leads 
directly to the organisation of production so as to maximise ultimate 
products. Improvements in exploitation, increase in manufacturing 
power, diminution of friction in transport, simplification of trade, 
are the four great heads of this process of which the endless details 
need not be here developed, especially as on the theory of conserva- 
tion of energy all are reducible to the same unit of measurement, 
With respect to organisms this involves (1) a maximisation of their 
usefulness for production in every possible way besides the corre 
sponding increase in their numbers. 

§ 28. Consumption.—Passing to the maximisation of consumption 
per unit time, we see at once that this involves making all pro- 
ducts transitory; minimising similarly implies making all permanent. 
Hence maximisation of permanent products has a reactionary 
diminutive effect on the producing population, just as the opposite— 
maximisation of transitory products—involves their indefinite in- 
crease. 

In other words, the physical economist, desiring to increase not the 
population, but the wealth of nations,—instead of simply approving 
the continuous development of the existing industries, and attempt- 
ing to increase average well-being by stimulating the exploitation, 
manufacture, or exchange, of the transitory products with which 
these mainly deal,—must advocate the proportional increase of per- 
manent ultimate products, and organise industrial processes towards 
that ideal. We have thus reached the new paradox (cf. § 21) that 
the sphere of practical physical economics is to discuss the ways and 
means of increasing not so much bread, as Art. 
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CHAPTER [].—BIOLOGICAL PRINCIPLES. 


§ 29. Widely current in economic literature are conceptions which 


seem to have more or less biological character—one hears of “ parasit- 


ism,” of ‘‘ competition,” of ‘laws of population,” of the “ social organ- 
ism,” and even of its “ circulatory,” and “‘ nutritive organs,” and so on, 
besides many others which though not necessarily couched in current 
biological language, yet readily bear translation. It is here proposed 


to criticise and, to some extent, systematise this aspect of economics. 


At starting, we meet the difficulty, that past economic literature 
necessarily shares the character of past literature in general, and 
more or less completely ignores physiological, zoological, and anthro- 


-pological facts altogether. It is necessary to postulate the results 


of all these sub-sciences most clearly, and the biologist, avoiding 
misleading “comparisons between man and nature,” must work 
forward from the actual living “man and his place in nature,” 
without particular respect to the authority of any time-honoured 
theories of “human nature,” or of the “ economic man.” 

In passing from the physical to the biological aspects of economics, 
our producers and consumers are no longer regarded as automata, 
and generalised along with machines; but are looked on as speci- 
mens of a species of living organism, to be generalised with the rest 
of organic nature, terminating the greatest line of genealogical 
ascent, and supremely successful in the struggle for existence and 
domination, in virtue of peculiarly high evolution of the nervous 
system, | 

Our biological studies then commence with a knowledge of the 
statical aspects of Homo; with an organised census,* in which the 
quantity and quality of the population are carefully recorded: the 


* The reader may at first suppose that it is here attempted to discuss ques- 
tions essentially sociological under biology—but this ‘‘ materialism” (v. § 12) 
will be carefully guarded against. All that concerns only the objective and 
bodily side of a man is purely biological; and this may be summed up for a 
number of men, looked at simply as a herd or mass, without leaving the field 
of pure biology. Sociology, on the other hand, concerns itself with indivi- 
dualities of a higher order:—with aggregates of men integrated into wholes 
for definite functions ; as firm, bank, company, regiment, post office, and only 
considers the individual components in their relations to these. The census, 
then, is primarily biological, but also of course has sociological elements of 
high importance ;—but these await separate and subsequent discussion. 
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observations of the biologist, and the anthropologist, of the registrar, 
census-taker and actuary, the hygienist and the educationist, are a!l 
organised into a vast body of knowledge—the statistics and genc- 
ralisations of the new sub-science of ‘“‘ demography.” * 

But our survey must be not only statical but dynamical, not only 
structural but functional ; how are we to approach this? Protoplasm 
undergoes incessant waste, and demands incessant repair, and it is 
this fact which underlies economic activities. However different in 
details, all the higher animals agree in obtaining the food needful 
for repairing the waste of their tissues, from their environment by 
the performance of muscular contractions co-ordinated by the ner- 
vous system. And this furnishes us with the widest definition of 
productive labour :—while the “sense of effort,” the “pain,” the 
‘curse of labour” so much insisted on, is at most merely an accom- 
paniment, incidental either to excessive exertion or defective 
adaptation to the task. , 

§ 30. Evolution of Production —F¥rom the simple conception of 
animal production here laid down, we have to trace the evolution of 
modern industry; nor are the main steps numerous or difficult. The 
animal demands only ultimate products, and at first only produces 
food, accepting for shelter simply what the environment chances to 
afford. With increasing intelligence, shelters are next constructed : 
a bird’s nest is as truly an ultimate economic product to its builders 
as a house to man. In the case of some the esthetic subfunction | 
begins to appear, and some animals, like the Australian bower-bird, 
even spend no little labour on purely xsthetic production. Stages 
of exploitation, manufactures, and movement are frequently more 
or less distinguishable; but all products as yet are ultimate. 
Mediate products, however, also tend to arise—like the roads and 
granaries of the ant, the engineering works of the beaver, or the 
stick and stone of the higher apes—from which to the rough flint 
implement of the palolithic man the transition is easy. Given 
this implement, however, man becomes “a tool-using animal,” and 
the evolution of ultimate products goes on apace. From this point 
the history of productive processes is being admirably traced by the 
combined labours of archzologists and historical economists. It is 
sufficicut here to recall the origin and aspects of the producers. 

* Vide Classification of Statistics, passim. 
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Beyond the primary economic differentiation involved by sex, all 
economic functions are at first united in each individual. As 
population increases, the advantage of numbers (the “simple co- 
operation” of economists) becomes felt; then slight variations of 
individual and circumstance lead to the repeated performance of 
some one function by particular individuals, the efficiency and 
rapidity of its performance then alike improve, and the advantages 
of specialisation of function, or “division of labour,” become 
obvious, and tend to be continued and perpetuated. This differ- 
entiation once set up, it continues as long as circumstances render 
it advantageous or possible, and the complicated co-operation of the 


-ant-hill or the city alike arises. These familiar considerations show 


that the “ specialisation of functions” in Formica and the “ divi- 
sion of labour” in Fomo are not merely “analogies between man 
and nature ”—interesting only to those who care to trace such com 
parisons,—but are absolutely identical. | 

§ 31. Result of Specialisation of Function upon Organism.—The 
differentiation of production leads then to the development of occu- 
pations, which, especially when perpetuated by heredity, are again 
seen to be of identical nature with those of the polymorphic indivi 
duals of the ant-hill. And all occupations are not directly con- 
cerned with production: some individuals specialise into the 
indirectly productive service of government; others leave productive 
operations on surrounding nature for the bodily care and service 
of their fellows; others, again, become unoccupied ; and thus the 
three great classes of occupations (Classification of Statistics) are not 
simply analogous, but identical among bees, ants, or men, and are 
sometimes more differentiated in the former, sometimes in the 
latter. Just as the operations of heredity upon man and other 
organisms are not merely analogous but identical, so also are those 
of function. Division of labour has specialised the polymorphic 
castes of the ant-hill ; so the same specialisation of function acts 
towards developing similar polymorphic changes among men. __ 

Every one is more or less conscious of this: it is never difficult 
to distinguish a soldier from a joiner, or a ploughman from a 
weaver; while the physician reaches almost incredible skill in 
eading the finer results of occupation on bodily structures, normal 
and pathological alike. 
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The biological reader may well wonder at the insistance upon 
what is to him a commonplace; but, like so many of the scientific 
commonplaces enlarged upon in the present analysis, it has been 
ignored by the vast majority of economic writers. It does not 
come within the study of processes of production on one hand, nor 
within that of social aggregates on the other; the occupations of 
ploughman and weaver or joiner are alike productive—are all equal 
in the eye of the politician and before the law. To economists, 
whose preparatory studies included no biology, any insistance upon 
the wide difference of these occupations to the men performing 
them must needs seem mere nonsense, and the proposal to found 
practical action upon the observed results pure ‘ sentiment.” 
But, without the slightest postulation of morals, it is a biological 
fact that, as ‘‘function makes the organ,” it also shapes the 


organism, and modifies it either for evolution or for degeneration ; 


moreover, other things equal, determines its quantity of health and 
limits its length of life. Ploughmen and weavers, joiners or 
soldiers, then, are incipient castes, as surely as Brahmin and Pariah, 
queen, worker, and drone, are formed ones; and the disadvantages 
of the division of labour, so slowly forced into prominence (as, little 
to the credit of biologists, they have been) through the sufferings of 
the many and the moral enthusiasm of an unscientific few, demand 
study and classification among the “ Variations of Animals and 
Plants under Domestication.” 

§ 32. Modification by Environment,—Even when we study the 
ancestral environment separately as heredity, and the functional 
environment or occupation separately as function, besides leaving the 
social environment for a subsequent discussion, there remains a 


series of influences, those of the ordinary environment, which 


probably exceed any others in importance. Food, which alone 
determines whether the young bee is to be worker or queen, has a 
thoroughly well-marked influence upon men. The importance of | 
the quality of the atmosphere is becoming recognised. So also 
with light: the gardener blanches his celery, the zoologist stops the 
development of the tadpole by withdrawing light, the sphygmo- 
graph shows how the pulse bounds at every gleam of sunshine, and 
the physiologist and physician are not hesitating to generalise and 
apply these results to the development of human life in towns. 
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It has been assumed by most econemists that the ‘ necessities of 
life” were simply food, shelter, &c., and that the subtler factors of 
the environment need not be included. This pre-biological concep- 
tion need not be argued with, for the economic problem of the 
maintenance of men is but one special case of the vast problem of 
the modification of organism by environment, exactly as the descent 
of man is a special case of the origin of species. | 

§ 33. Mode of Modification of Organism by Environiment.— 
Although time and space and knowledge do not admit of tracing 
out these lines of modification in detail, some idea of the two main 
lines of evolution and degeneration respectively must be obtained. 
It is convenient to begin with the latter, since the conditions of 
degeneration in the organic world are approximately known. These 
conditions of degeneration are of two very distinct kinds—on the 
one hand, deprivation of food, light, &c., so leading to imperfect 
nutrition and innervation; on the other, a life of repose, with 
abundant supply of food and decreased exposure to the dangers of 
the environment. It is noteworthy that while the former only 
depresses, or at most extinguishes, the specific type, the latter, 
through that disuse of nervous and other structures, &c., which 
such simplification of life involves, brings about that far more 
insidious and thorough degeneration seen in the life history of 
myriads of parasites, It is noteworthy that both these sets of con- 
ditions of organic change exist abundantly in society, the former 
being known as poverty, the latter as “complete material well- 
being.” The influence of all this upon the degeneration of indivi- 
duals and upon the decline and fall of nations alike, need not be 
insisted upon. 

Passing now to the less known conditions of evolution as 
opposed to degeneration, it is obvious that (1) adequate conditions 
of food, light, atmosphere, are necessary ; ( 2) that the organism, 
and primarily the nervous system, must be adapted to more and 
more complex conditions of the environment ; 7.e., that the nervous 
system must become more and more highly evolved. 

Hence arises the physiological explanation of the esthetic sub- 
function in production, of which we were compelled to notice the 
enormous importance even under the preceding analysis of physical 
principles. It is determined by the need of the various senses, and 
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the cry for so-called “utility” in ultimate products is frequently 
nothing more than a demand for the lower forms of esthesis 1 in 
preference to the higher. 

§ 34. Definition of Production.—No definition of production is 
possible from the physical point of view alone, since it involves a 
knowledge of the organism to which production is adapted. Now, . 
however, production is definable in general terms as the adaptation 
of the environment to human functions; and every productive action 
thus tends either towards maintenance and evolution or the reverse. 
This simple idea is not yet, however, sufficiently active in our 
industrial age. The functions of production are undertaken by 
industrialists, chiefs and proletaires alike, mainly with the notion 
of obtaining ‘“ wealth” in its very variable proportions of main- 
tenance, power over others, personal immunity from function, &c., 
a conception of the nature and aim of production upon which our 
surviving industrial anarchy mainly depends. The adaptation of the 
world to the wants of the species, which we see to be the beginning 
and end of production, is again definable in biological language as 
the substitution of human for natural selection. | 

§ 35. Polymorphism and Competition.—We have already seen how, 
in the evolution of production, specialisation of function in a com- 
munity of organisms was attended by polymorphism-—the resultant 
structural specialisation. This polymorphism has a most important. 
bearing on the economy of the community. In a little differen- 
tiated community, competition is at its highest pitch; in a poly- 
morphic one, it is reduced almost to zero. In a hydractinia or 
siphonophore colony, in an ant-hill or bee-hive, competition is mini- 
mised. Struggle for existence between the members has ceased, 
the only struggle is with other communities. So far, then, is com- 
petition from being the sole idea derivable by economics from 
biology, us 1s so commonly supposed, that in fact competition is 
ever in inverse ratio to polymorphism; and in a given community 
polymorphism puts an end to internal, though not necessarily of 
course to intersocial, struggle. Internal competition can only be 
intense in large communities where there is but little polymorphism. 

§ 36. Production and Reproduction.—We have seen thatfor the ela- — 
boration of ultimate products machines and automata are necessary. 


Increase of production, therefore, involves increase of machines and 
VOL, XII. 3U 
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of automata—of both in so far as they are not interchange- 
able. This increase of animal automata (given that supply of tran- 
sitory ultimate products known as the standard of comfort) is 
attained by reproduction, and increase of a given class of population 
is therefore determined by the amount of the transitory ultimate 
_ products supplied-——and hence by the ‘ capital invested” in that 
industry. Increase of permanent products, on the other hand, does 
not tend to increase the population. The reproductive ratio of any 
class of producers per unit time is thus a fixed and definite one, 
and approximately ascertainable. (Cf. Appendix to Chap. I. § 28.) 

The multiplication or decrease of any class of the community is, 
in short, strictly comparable to the hypertrophy or atrophy of the 
cells of an organ in proportion to its functional activity and nutri- 


tive supply. article Repropuction ”—Lncyclopedia Britan- 
nica.) , 


APPENDIX TO CHAPTER IJ.—PrRacticaL BioLocicaL Economics. 


$37. Practical Biological Economics.—As in the case of physical 


economics, so here we have two alternative practical ideals : 


1. To maximise the maintenance and evolution of the com- 
munity. 
2. Or to minimise the same. 


All action is referable to either of these categories, and tends neces- 
sarily in one of those directions. As practical economists, we are 
shut up to the selection of the first, and we have only to consider 
how this ideal can best be realised. This involves a criticism of 
life from a biological standpoint ; a subject analysable into endless 
detail, ¢.g., the criticism of production alone embracing processes so 
apparently remote as food-analysis and art-criticism. The details of 
such a discussion cannot be given here, but the lines to be followed 
may be indicated. The modifications of the organism must be 


determined and analysed into their various factors, viz., (1) the 


effects of organism on organism in heredity (education and compe- 
tition) ; (2) the influence of function on the organism towards 
degeneration on the one hand, and towards evolution on the other ; 
(3) the modification of the organism by its material environment, 
such as food, dwelling, air, light, &. Not only must these factors 


i 
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in modification be observed and appreciated, but their modifiability 
must be discussed and acted upon. ‘Thus, in the case, when any 
given environment or function, however apparently ‘“ productive,” 
is really fraught with disastrous influence to the organism, its modi- 
fication must be attempted, or, failing that, its abandonment faced. 
After a thorough analysis of this sort we can attempt the treat- 
ment of such practical questions as the state of the poor, or the 
advancement of social progress in general—since practical action, at oe 
present dispersed into special efforts, each dealing with some aspect | 
of organism, function, or environment alone (or of some mixture | 
of these), must on pain of failure ar the synthetic treatment 
of all.* | 
_ It only remains to be pointed out that the ideals of human selec- | 
tion which are beginning to be suggested on all hands, as biological 
conceptions penetrate modern thought, are to be worked out on one 
~ economic basis, that of adapting production to organism. 


Cuapter PRINCIPLES. 


This department of the subject, unlike the two preceding, has an 
extensive literature, of which it is necessary to examine the main 
positions at the outset. : 

§ 38. Pleasure and Pain. —A psychological basis for economics has 
often been sought in the theory of pleasure and pain—in the con- 
ception that we should find at once a theory of observed actions 
and a basis for expedient action in the pleasure or pain observed to 
attend them. Without disputing the possible high importance of 
this standpoint, or insisting too much upon the impossibility of 
verifying the measurements of pleasure and pain which Mr Jevons 
and Mr Edgeworth especially have used so freely, it must he 
pointed out that it is far from furnishing an absolute criterion. 
According to Spencer, “ pain is correlative of actions injurious to 
the organism, and pleasure of those which are advantageous.” Buta 


* T.e., all beneficent or benevolent agencies whatever thus fall into three 
genera, or rather brigades (¢.g., ecclesiastical, charitable, educational, medical, 
&c., into the first; trades-unions, &c., into the second; associations concerned — 
with hygiene, housing, art, &c., into thethird). This classification, moreover, 
corresponds to the developmental succession of such agencies ; and this is now 
approaching an end, while the requisite co-ordination is becoming possible. 
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qualification is necessary—since pain is correlative of new adaptations, 
pleasure of old and familiar ones, which lead through economy of 
material to degeneration—not improbably one of the most pleasurable 
of organic processes. This theory, then, will need considerable 
emendation before being serviceable as a basis for economics, 

$39. Conception of Value.-—One of the latest and most nearly 
satisfactory analyses of the much-disputed and ambiguous term 
“value” is that of Jevons,* who resolves it into three distinct 
factors :—‘ (1) Value in use, or fotal utility ; (2) esteem, or urgency 
of desire for more, or final degree of utility ; (3) purchasing power, 
or ‘ratio of exchange.’” Again, according to Walker, a commodity 
possesses “ value when it is an object of man’s desire, and can be 
obtained only by man’s efforts;” while Bastiat explains that 
“ value does not reside in the commodities theinselves, and is no 
more to be found in a loaf of bread than in a diamond, the water, 
or the air.” And such definitions and ex) lanations are repeated 
indefinitely in other works, 

But in terms of the present analysis it is evident that the “ vie” 
of anything has @ significance varying with the standpoint of each 
‘successive science,—that ‘ratio of exchange” expresses an essen- 
tially mathematical aspect, “ utility or intrinsic value ” its physical or 
physiological sense, “intensity of desire” its psychological, and 
‘‘purchasing power” its sociological aspect. The long disputes 
respecting the nature of value are thus clearly analogous to the 
famous case of the gold and silver shield. From the psychological 
standpoint, for instance, the conception of intrinsic value is clearly 
irrelevant ; and to economists of conventional academic training, 
. acquainted with the current logic and metaphysics, but without a 
suspicion of physical and biological facts, the exclusion of every 
other point of view necessarily followed. From this point of view, 
especially when we bear in mind the idealistic philosophy of the 
schuols, the dogma of Bastiat is a commonplace, and the thoughtless 
copying of it by equally pre-scientific writers is natural; it has, 
however, no more interest to the economist than any other platitude 
of idealism : the facts for him being, as was above pointed out—(1) 
that loaf and diamond are observed to exchange in a certain ratio 
(mathematical value); (2) that they possess a certain number of 


* Math. Theory of Pol. Econ. 
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units of potential energy as combustible (physical value) ; (3) that 
the former is capable of maintaining an average adult for a definite 
time, while the latter possesses a definite power of sensory stimulus 
(physiological value); (4) that corresponding to the preceding 
physiological functions are their subjective aspect, known as wants 
or desires (psychological value); (5) that, as property, they acquire 
a sociological “value,” which cannot as yet be entered upon. 

The idealistic position, though extremely popular, has never been 
consistently maintained ; the reverse position is often tacitly taken, 
as apparently in the dogma that “labour is a commodity,” and the 

like. | 

The attempt then to base the psychology of economics upon the 
aspects of value, and much more to make it the centre of the 
whole science, turns out futile ; so far from being fundamental, it is 
in fact almost superfluous, since it is either the subjective expression 
of an actual objective value (physical, biological, or sociological), or 
an erroneous hypothetical estimate of one or more of these. | 

$40. Wants and Desires.—Can “ wants and desires,” however, 
be taken as completely expressing the psychology of action? Pro- 
bably not completely, since there 1s much ground for suspecting 
that complex associations never formulated in consciousness play an 
important part; perhaps, too, that even lower states of cerebral 
activity have their share in determining action. 

Let us see, however, how the conception is developed by econo- 
mists, Their current positions may most fairly be stated by quota- 
tions from well-known authors. ‘‘ Political economy teaches the 
relation of man to those objects of his desire which he can obtain 
only by his efforts” (Walker, Science of Wealth, p. 2). “ The 
objects or satisfactions obtained by these efforts are collectively 
called wealth.” Again, “ wealth is whatever satisfies a desire or 
serves a purpose.” Again, according to J. B. Say, “that society is 
most civilised which produces most and consumes most ;” or, in 
other words, which has the greatest quantity of artificial wants. 
From the preceding it follows—(1) that all wants and desires are 
equally valid in the eyes of the economist, who can make no other 
criticism of wealth; (2) that the only recognisable progress lies in 
differentiation, and in this most economists fully concur. 

Despite the importance attached to wants and desires, they have 
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rarely obtained any detailed analysis or classification whatever. 
The most recent and elaborate attempt is probably that of Syme 
(Industrial Science, p. 106). He divides them into (I.) Egoistic, 
or wants and desires for food, drink, rest, &c.; (II.) Hemeistic, 
having for their object the gratification of the social emotions, such 
as affection, esteem, love, hate, &c. ; (III.) Allostic, having reference 
to actions, and having for their object justice. | 

In the vast majority of works, however, no such analysis is 
attempted ; some generalisation of these varied wants and desires 
is, however, needed ; this is obtained by boldly uniting them under 
the term self-interest or egoism—this done, it is evident that self- 
interest is the mainspring of all economic action, and the basis of 
orthodox economics is complete. A principle capable of endless 
deductive applications is obtained, and if any unbelief as to the 
exhaustiveness of the generalisation arises, the wide prevalence of 
egoism in the individual and in the community is readily appealed 
to, and the sceptic held up to derision as a sentimentalist. With 
all respect, however, to these systems, a new analysis leading to 
somewhat different conclusions must now be briefly attempted. 

§.41. Statement of Psychological Principles.—In discussing the 
biological principles of economics, we considered men as organisms 
(a) having certain functions applicable to the maintenance and 
evolution of self and others, or to the contrary ; and (0) with certain 
wants, z.¢., requiring certain adaptations to the environment, again 
either in the direction of evolution or of degeneration. We find 
psychological principles parallel to these. Man is characterised by 
the enormous specialisation of his nervous system, and psychology 
though in the past mainly restricted to an imaginary account of an 
independent entity, of mind “as a thinking being zn vacuo,” really 
deals with the subjective side of the functional aspects of the 
nervous system. Behind the muscular contractions by which all 
economic action productive or consumptive alike are performed, are 
cerebral stimuli inspiring these, and these subjectively considered 
are wants and desires. The fundamental nature of the subject is 
therefore obvious. As Walker expresses it, ‘‘the central force is 
the wants of man.” That however the wants determining produc- 
tion, &c., are not simple appetites for food, shelter, and the like, is 
evident when we remember how in the majority of products the 
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esthetic sub-function preponderates over that which would merely 
satisfy the nutritive appetite. 

That desires realise themselves in efforts, and that efforts attain 
satisfaction, is the psychological or subjective side of the objective 
fact that wants necessitate labour, and that labour results in wealth. 
A simple economic action—say an amcba devouring a grain of 
starch, or a labourer consuming food, may be expressed in three 
ways—(1) physical, the potential energy of the body is increased ; 
(2) biological, the organism is nourished ; (3) psychological, a desire 
is satisfied. 

In the very simplest forms of life we find two essential forms of 
vital action—the nutritive and the reproductive. But Leconte has 
pointed out that, while the satisfaction of nutritive wants is funda- 
mentally egoistic, the reproductive desire contains the earliest germ 
of altruism. If this be admitted, as it must be, the exclusion of the 
altruistic element as a determinant of economic action is at once seen — 
to be a mere artifice, alike impossible and absurd, if our psychology 
is to have any relation to living beings; while the deductively con- 
structed fabric of orthodox economics collapses without criticism, 
since one half of its foundation (“self-interest”) alone was laid. 
Starting, then, from this primal manifestation of egoistic and altru- 
istic desires, we may briefly follow the development of these with 
the ever-increasing structural and social complexity of the organisms. 
- With limited supply and space, these nutritive wants and desires must 
result in competition between the individuals. Competition has, of 
course, its objective and subjective aspects ; the objective antagonism 
must be represented by a subjective egoism and mutual antipathy. 
But every aggregate which can at all be termed a society has risen 
to some measure of complexity—of division of labour or poly- 
morphism ; and even these economists who insist most upon “ self- 
interest” are not wanting in clear explanation of the economic advan- 
tage of the process. The subjective aspect of the process is not, 
however, personal egoism and mutual antipathy; since, for the 
co-ordinated muscular actions which any increase of polymorphism 
and synergy imply, a corresponding measure of co-ordination of 
nervous action is indispensable ; and thus, as competition involved 
antipathy, so objective co-operation involves subjective sympathy. 
As mutual antipathy implies individual egoism, so sympathy implies 
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a measure of altruism. Higher and higher differentiation of social 
structure and function involves corresponding subjective adaptation ; 
as the economic duties of an individual develop in complexity and 
remoteness to the immediate result, so must their subjective aspect 
on pain of failure deepen and widen ; and thus the material evolu- 


tion demands a moral evolution running parallel to it. That the 


_ material evolution has for the time outrun the moral adaptation is, 


in fact, from the present point of view, the essential explanation of 


much existing economic anarchy. 

As the society reaches completer polymorphism, altruism in- 
creases ; progress towards the physical and biological ideal of pro- 
ductive synergy involves parallel progress to an ideal of sympathy 
or maximum altruism. This does not, however, at once extend to 
different societies; between these competition and antipathy may 
exist to any extent; but as antagonism becomes subordinated to 
community of interests, here also antipathy becomes replaced by 
sympathy. 

Lhe concomitant parallel progress of reproductive action—incident 
upon the origin of the family and the progressive integration of 
families into higher and higher aggregates—is too familiar to need 
recapitulation here. It is evident that even on the most sternly 
biological grounds, so far from a scientific basis for economic deduc- 
tion being furnished by “the iron law of competition,” the highest 
generalisation of the phenomena (from which deduction, if anywhere- 
is alone permissible) is the accurate converse of this—the golden 
rule of sympathy and synergy. And it is a remarkable result that, 
without introducing into the argument any so-called moral or senti- 
mental considerations, but arguing soberly from the two fundamental 
functions and wants of living beings—from nutrition and reproduc- 
tion alone—-the noblest ideals of politics and morals arise before us. 


Apprnpix To II].—PracticaL PsycHOLOGICAL Economics. 


$42. Can our psychological conceptions of (1) pleasure and pain, 
(2) value, (3) of wants and desires, furnish a basis of economic 
action? Actions may be classified as they produce pleasure or 
pain, or as they tend to satisfy our desires; but such an attempt, 
however reasonable in constructing a theory of personal action, 
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has never been successfully applied to social action. Nor is it 
alequate even in the simplest case. Taking the amceba and 
labourer of the preceding illustration, both frequently satisfy desire 
by the consumption of that which is not food in the biological 
sense, and of what supplies no energy from the physical. Here 
then a dilemma arises: if with the majority of economists we 
recognise no physical or biological aspects in the phenomena of 
economics, all wants and desires are alike expedient, since no 
 eriterion of action exists, and lazssez faire becomes the only prac- 
tical maxim. If, however, we recognise physical and _ biologica} 
facts, and the psychological as the subjective aspect of the latter, 
then the psychological economist must simply commend those 
wants and desires which are conducive to maintenance and evolu- 
tion, and these only. 

“It is not enough to transfer the point of view from the indivi- 
dual to the race, and to take the social factor into account; we 
must also frankly accept the biological point of view, which, 
regarding mental functions as vital functions, and states of con- 
sciousness as separable from states of the organism only in our 
mode of apprehending them, sets aside the traditional conception of 
mind as an agent apart from the organism.” * 

From this sharply defined statement of the position of the present 
chapter (cf. Introduction, § 13), we are thus forced to draw the 
following economic corollaries :—(1) Since, from the physiological 
side, the nature, amount, and direction of muscular activities are 
lominated by cerebral action, the cerebral functions are supreme ; 
(2) as similarly, from the psychological side, all functions are 
equally—nay, are solely—expressible as cerebral, the functions 
of creative and directive thought, the activities of education, &c., 
are as really “productive” as any. Thus our economic utilita- 
rianism passes from the crudely practical state to that into which 
it has been recast by its more philosophical exponents; and if 
psychology, leaving its academic isolation, assumes its modern 
position, schoolmaster, hodman, and artist, are alike productive. 
The problem of practical economics now demands that we pro- 
duce not that mere maximum of food and eaters, which is the 
first aspect of the physical ideal; not even that perfection of 

* Lewes, Study of Psychology, chap. i. 
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quality and quantity of physical life which is the first aspect of the 
biological ; but the maximum evolution of mental and moral 
nature which underlies the two former. The problem, in fact, 
inverts itself, becoming not merely how to fill bellies, but how to 
place brains in the conditions most favourable to their development 
and activity, and so the problem of practical psychological economies 
passes into that of education, The supremacy of the esthetic 


— factor in production, demonstrated under “ Physical Principles,” is 


thus explained :—The modification of the environment which is the 
object of production, while primarily addressing the nutritive 
system and attending to protective needs, must culminate in that 
complex organisation of the environment which, deliberately 
addressing itself to the stimulus and evolution of the sensory 
activities, is of such importance for the process of cerebral evolu- 
tion (a wealth of impressions being the indispensable raw material 
of the most complex or highly generalised intellectual conceptions), 
and which we therefore term fine art. 


SuMMARY OF CuHapters I.-ITI. 


§ 43. At this point it is convenient to pause and briefly review the 
results of these analyses. Passing over the criticism of economic 
literature, (1) the physical analysis led to the exposition of the 
mechanical aspect of society; to the reorganisation of the theory 


of production and consumption, culminating in the generalisa- 


tion of the synergy of the race. (2) The biological chapter 
outlined the higher aspect of the same phenomena, defined pro- 
duction, &c., and discussed the relation of organism to the 
environment and function—a definition of production being 
obtained in terms of maintenance and evolution. (3) A psycho- 
logical outline in harmony with the present state of science was 
attempted ; and many subjects not usually treated under econo- 
mics were seen to form an integral part of the subject. Yet this 
is by no means sufficient ; a sociological analysis is wanting; and 
the whole series of analyses are but materials for a subsequent 
synthesis. But a pause may reasonably be made before entering on 
this, and a clear gain has been made if these results are plain (a) 
that the analysis of so-called systems of political economy is neces- 
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sary and possible, and that on the present lines; (bd) that the 
analysis does yield many results of clear principle and practical 
application ; and (c) most important of all, that many of the most 
burning questions between producer and consumer, worker and 
capitalist, individualist and socialist, utilitarian and sentimentalist, 
are soluble on the field of pure science without appeal to sociological — 
or political methods at all.* 

To the present scheme numerous objections are constantly pro- 
posed, and these, so far as the writer is aware, may be analysed and 
grouped as follows:—lIt is said (1) that the present survey is too 
wide, that it discusses principles which are not relevant within the 
proper sphere of economics; (2) it seems difficult to make sure of 
the actual logical sequence of the argument, and (3) to see its 
applicability to details; or (4) there arises a suspicion of the 
insidious postulation at some early stage of the argument. of the 
ethical considerations which appear as results; or (5), and most 
commonly, the results seem too good to be true. © 

To which it may be replied, that (1) hardly any matters are intro- 
duced which will not be found, in chaotic form indeed, in the 
standard works on economics, and that the usual restrictions of the 
subject to one particular division of the subject (e.g., to the theory 
of production and consumption apart from the relation of these to 
the organisms), are arbitrary, and proceed usually from ignorance or 
misconception of the subjects excluded ; and moreover that, even if 
it may still be thought by some to be too wide in its scope, it is yet 
a continuous train of reasoning connecting the widest generalisation 
of knowledge (the classified sciences) on the one hand, with the 
minutest details of technology or consumption on the other; 
while most so-called systems have been set afloat either without 
cargo of fact or compass of science; (2) that the present channel 
of publication is the most direct method known to the writer 
of challenging and obtaining a keen scientific scrutiny; (3) that 
the indispensable and yet less pressing question of its applica- 
tion to detail, although excluded because of limits of space, &c., can 
not only be tested by any one who cares fairly to master the generai 

* Thus the dispute preceding the passing of the Factory Acts did not lie 


between ‘economic science” and ‘‘sentiment,” but between the ideals of — 
physical and biological economics ). 
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principles, but is at least to a very great extent vouched for by the 
mode of construction (not only synthetic and deductive, but analytic 
and inductive throughout, and embodying the generalisation of 
long preliminary studies of economic detail) (see Classisicution of 
Statestics, p. 19). This difficulty can be best got over by reading 
these essays side by side with such a vast storehouse of facts as the 
well-known manual of Roscher ; though the reader may be once 
more and finally reminded that he must not expect to find in these 
rough draughts for the ground plans of successive stories of the 
economic edifice, the completeness and detail, the colour and_per- 
spective of the projected whole. (4) The suspicion of the prema- 
ture postulation of ethical considerations, if present, is due to the 
reader’s discovering more or less clearly for himself that ethics 
is not an isolated science, but a generalisation of the acts or 
practice corresponding to each of the orders of scientific considera- 
tions, physical and biological, &c., and that the ideals of maxi-— 
mum production and maximum evolution respectively were as 
much the ethic of physical and biological considerations as that 
of sympathy is that of psychological ones. The fifth objection, 
due to discouragement from previous failures to find a synthesis, 
need not of course be argued with. 

But the real difficulty of the paper lies in its inevitable and 
extreme compression, and its consequently generalised form—the 
requisite application of the principles to the familiar details of 
economics, and their exposition in more literary form, being alike 
only suggested in an occasional sentence. The essential aim will, 
however, have been attained if it has been adequately demonstrated 
(1) to scientific specialists—physicists, biologists, or psychologists 
alike—that each respective aspect of economics lies fairly within 
their range, and (2) to professed economists, that such a mode of 
reinvestigation is not only practicable, but expedient. 
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I, TRANSACTIONS AND PROCEEDINGS OF LEARNED SOCIETIES, 
ACADEMIES, 


Adeluide.—Transactions and Proceedings of the Adelaide Philosophical 
Society. Vols. [V.-VI. 1880-83. 8vo. 

Amerwun Association.—See United States. 

Amsterdam.—Verhandelingen der Kon. Akademie van Wetenschappen. 
Afd. Natuurkunde, DI. XXII., XXIII, 1883. Afd. Letter- 
kunde, DI. XIV.-XY.,. 1882-83. Verslagen en Mededeel- 
ingen, Natuurkunde, 2° Rks., Dl. XVI.-XVIII. Letterkunde, 
Rks., Dl. X.-XII., 1881-83. Processen Verbaal, 1881-83. 
Jaarboek, 1882, 1883. Poemata Latina, 1882. Catalogus der 
Boeker der Akad. 

Kon. Zoologisch Genootschap Natura Artis Magistra Tijdschritt 
Jaarg. V. 1, 1884.—Bijdragen, Utlev. X., 188-4. 

Wijskundig Genootschap, St I.-V., 1882-84. 

Flora Batava: Afbeelding en Beschrijving van Nederlandsche 
Gewassen. Voortgezet door F. W. Van Eedden. 249-266 
Afleveringen, 1882-84.—-From the King of Holland. 

Annapolis—-Annual Register of the United States Naval Academy. 
1881. 8vo. | 

Bultimore.—Johns. Hopkins University.—The American Journal of 
Mathematics. Professor Newcomb (Editor-in-chief). Vols. V., 
VI. 1883, 1884. 

The American Chemical Journal. Edited by Professor Remsen. 

Vols. V., VI. 1883, 1884. 

The American Journal of Philology. Edited by Professor Gilder- 
sleeve. Vol. V. 1883-84. 

Studies from the Biological Laboratory of the Johns Hopkins 
University. Vol. III. No. 2. 1884. 8vo. 

University Studies inH istorical and Political Science. 3rd Ser. — 
Vol. 1885. 

Sixth and Seventh Annual Reports. 

See Maryland. 

Busel.—Verhandlungen der Naturforschenden Gesellschaft. Theil, 

| Hft. 1884. 8vo. 

Batavia, The Observatory.—Observations made at the Magnetical and 
Meteorological Observatory at Batavia. Vol. V. Part 1. 1881. 

~Regenwaarnemingen in Nederlandsch Indie 4° en 5° Jaarg. 
1882-83. 8vo. 

The Batavian Society of Arts and Sciences.—Natuurkundig 
Tijdschrift voor Nederlandsch Indie uitgeven door de Kon. 
Natuurkundige Vereeniging. Deel XII. 1882-83. 8vo. 

Tijdschrift voor Indische Taal-Land-en Volkenkunde. Deel 
XXVIII. 1883-84. 8vo. 

Verhandelingen van het Bataviaasch Genootschap van Kunsten 
en Wetenschappen. Deel XLIV. 1881. 8vo. 

Notulen, Deel XX., XXII. 1882-83. 

’ Belfast.—Proceedings of the Natural History and Philosophical Society 
for 1881-82, 1882-83, 1883-84. | : 
Bergen.—Museum.—Nye Alcyonider, Gorgonider og Pennatulider ved 

Koren og Danielsen. Folio. | 
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Berlin.—Abhandlungen der Koniglichen Akademie der Wissenschaften. 
1882, 1883.—Sitzungsberichte. 1883-84. 8vo. 

Fortschritte der Physik im Jahre 1877. Dargestellt von der 
physikalischen Gesellschaft zu Berlin. 1 Abtheil.—Physik, 
Akustik, Optik. 2te Abtheil._—Wiarmelehre, Elektricititslehre, 
Physik der Erde. 8vo. Berlin, 1883.—Lrom the Socvety. 

Zeitschrift der Deutschen Meteorologischen Gesellschaft. Nos. 5, 
6,7, 8. 1884. 

Konigliche Technische Hochschule Festschrift, zur Einweihung 
ihres neuen Gebaudes. 1884. 4to. 

Bern.—Beitriige zur geologischen Karte der Schweiz, XX°® Lief. 23. 
1881. 4to.—From the Coinmission Federale Géoloqique 

Mittheilungen der Naturforschenden Gesellschaft in Bern, 1882- 

84,  8vo. | 

Berwickshire—Berwickshire Naturalists’ Club, Proceedings of. Vol, X. 
1-2. 1882-83. 8vo. | 

Birmingham.—Proceedings of the Birmingham Philosophical Society, 
Vols. IV. Pt. 1. 1882-84. 8vo. 

Bologna.—Memorie dell’ Accademia delle Scienze dell’ Istituto di 
Bologna. SeriesIV. Tom. IIL, 1881-82. 4to.—Rendi- 
conti, 1879-83. 

Bombay.—Archeological Survey of Western India. 4to. 

Journal of the Bombay Branch of the Royal Asiatic Society. Vol. 
XVI. 1883. 

Magnetical and Meteorological Observations made at the Govern- 
ment Observatory from 1879 to 1882. Bombay. 4to. 

Bonn. —Verhandlungen des Naturhistorischen Vereines der Preussischen 

Rheinlande und Westfalens. 1882-1884. 8vo. 

Bordeaux.—Meémoires de la Société des Sciences Physiques et Naturelles. 
2e Série. Tome V. 1882-83. 4to. 

Bulletins de la Société de Géographie Commerciale. 1883-84. 8vo. 

Compte Rendu du Congrés des Sociktés Francaises de Géographie, 
1882. 

Boston.—Proceedings of the Boston Society of Natural History. Vol. 
XXII. 1881-83. 

Proceedings of the American Academy of Arts and Sciences. 

Vol. XVII, 1682. Vol. XVIII, 1883. Vol. XIX., 1884. 
Brera.—See Milan. 
British Assocration for the Advancement of Science.—Reports and Meetings 

at Southampton and Sandport. 1882, 1883. 
Brunswick.—Jahresbericht des Vereins fiir Naturwissenschaft. 1880-81. 

Brussels.—Bulletin de Académie Royale des Sciences, des Lettres, et des 

Beaux-Arts de Belgique. LII., 1883. Tome LIII., 

1884. 8vo. 

Memoires «le l’ Academie Royale des Sciences, des Lettres, et des 
Beaux-Arts de Belgique. Tome XLIV. 1882. 4to. 

Mémoires Couronnés et Autres Mémoires publiés par l’Académie 
Royale des Sciences, &c., de Belgique. Tomes XXXII.-XXXV. 
1881-1883. 

Mémoires Couronnés et Mémoires des Savants Etrangers publiés 
+e l’Académie Royale des Sciences, &c., de Belgique. Tomes 

L.-XLV. 1876-1883. 4to. 

Biographie Nationale. Tome VII. Pt. 1. 1880, 

Annuaire de |’Académie Royale. 1883, 1884. 8vo. 

=—— de l’Astronomie, par M. Houzeau. Bruxelles, 1882. 
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Brussels.—Bibliographie Générale de VAstronomie. Tome II. 

Exposition de la Methode de Wronski pour la Résolution des 
Problémes de Mécanique Céleste. Par Ch. Lagrange. 1¢ Partie. 
1882. Ato. 

Annales de l’Observatoire Royal. Nouv. Sér. Annales Astrono- 
miques. TomesIV.,V. 1884. 4to.—Annales Météorologiques. 
Tome I. 1881. 4to. 

Annuaire de l’Observatoire Royal. Années, 1882, 1883. 8vo. 

Annales de la Société Scientifique de Bruxelles, 6° et 7* Années, 
1881-1884. 8vo.—F'rom the Society. 

Bucharest.—Academia Romana. Extrasu din Analele Memorie si Notite. 
1883-1884. Also Documents relating to the History of 
Roumania, and Translations of the Latin Classical Authors into 
Roumanian—a Roumaniar and Latin Dictionary, &e. 

Buda-Pesth— Konig]. Ungarische Naturwissenschaftliche Gesellschaft. 
Bd. I. 1882-83. 8vo. 

Ungarische Revue, 1882-83. 

Gazette de Hongrie. 1882-83. 

Chrysididae Faunae Hungaricae. <Auctore A. Murray. 1882. 
Ato. 

Buenos-Ayres.-—Description physique de la République Argentine, par le 
Dr H. Burmeister. Tome I]]™*. Animaux Vertébrés 1" ptie. 
Mammiféres Vivants et Eteints. 1879. 8vo. Avec Atlas; f¢ 
Tome V*. Lépidopteres. 1'¢ ptie. 1880. 

Anales de la Oficina Meteorologica Argentina. Tom. III. 1882. 
Tom. IV. 1883. 4to. 

Culcutta.—Asiatic Society of Bengal.—Descriptions of New Indian Lepi- 
dopterous Insects (Atkinson Collection). Ph. Rhopalocera, by 
W. C. Hewitson ; Heterocera, by F. Moore. 1879. Pt. 2. 
Heterocera, 1882. to. 

Proceedings of the Asiatic Society of Bengal for 1882-1884. 8vo. 

Journal of the Asiatic Society for 1882-1884. 8vo. 

See Indian Government. : 

Catalogue and Handbook of the Archeological Collections in the 
Indian Museum. By Professor John Anderson, M.D. Pt. 1— 
Asoka and Indo-Seythian Galleries. 1883. 8vo. 

California.—Proceedinys of the California Academy of Sciences. 1884. 
State Mining Bureau. Third Annual Report, 1883. | 

Combridge.—Transactions of the Philosophical Society. Vol. XIII. 1883. 
4to.—Proceedings, Vol. IV. 1883. 8vo. 

— Cambridge (U.S.)\—Harvard College—Annual Reports of the Curator of 
the Museum of Comparative Zoology at Harvard College. 
1881-1884. 

Bulletin of the Museum of Comparative Zoology at Harvard 

College. Vols. X., XI. 1882-1884. 8vo. 

Memoirs of the Museum of Comparative Zoology at Harvard 
College. Vols. IX., X. Embryological Monograph. 1883- 
1884, to. 

Memoirs of the American Academy of Arts and Sciences, Vol. X. 
Pt. 1. 1868.—Proceedings. Vol. XI. 1884. 

Annals of the Astronomical Observatory at Harvard College. 
Vol. XIV. 1884. 4to. 

Thirty-eighth Annual Report of the Director of the Astronomical 
Observatory of Harvard College. By E. C. Pickering. 1884, 

Canada.—Geological Survey of Canada. Reports of Progress, 1880-1882. 
8v0.—From the Government of the Dominion. 
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Cape of Good Hope.—Catalogue of 12,441 Stars for the Epoch 1880, from 
Observations made during 1871-79. By E. J. Stone, F.R.S. 
Ato. 
Cutania.—Atti dell’ Accademia Gioenia di Scienze Naturali. Ser. 3. 
Tom. XVII. 1883. 4to. | 
Ceylon Government.—The Lepidoptera of Ceylon. Parts 6-10. By I. 
Moore, F.Z.S. 1882—1884. 4to. 
Chemnitz.— Berichte der Naturwissenschattlichen Gesellschaft. 1881- 
1884. 
Cherbourg.—Mémoires de la Société Nationale des Sciences Naturelles cet 
Mathematiques. Tome XXIII. 1881. 8vo. 
Chicago.—Annual Reports of the Board of Directors of the Chicago 
Astronomical Society and of the Dearborn Observatory. 1882- 
1884. 8vo. 
Christiantia.—Den Norske Nordhavs-Expedition. 1876-78. 
VIII. Zoologi. Mollusca. 1. Buccinidae, ved Herman Fricle. 
1882. 4to. 
IX. Chemi. 1. Om Sovandets Faste Bestanddele. 2. Om 
Havbundens Afleiringer, af Ludwig Schmelck. 1882. 4to.. 
X. Meteorologi. 1883. | 
XI. Zoologi. Asteroidea.—From the Norwegian Government. 
Jahrbuch des Norwegischen Meteorologischen Instituts fiir 
1877--1881. 
Den Norske Nordhavs-Expedition. 1882-83. 
Forhandlinger i Videnskabs-Selskabet. 1880-83. 8vo. 
Archiv for Mathematik og Naturvidenskab. Bd. VIII. Hit. 1. 
1883. 
Die Anaemie, von S. Lache. 1883. 8vo. 
Vandstands Observationer: Udgivet af den Norske Gradmaalings- 
_kommission. Hft. 2. 1880-83. 4to. 
Etudes sur les Mouvements de l’Atmosphere, by C. M. Guldberg 
et H. Mohn. 1880. 4to. 
Classification der Flaichen nach der Transformationsgruppe ibrer 
. Geodatischen Curven, von Sophus Lie. 1879. 4to. 
Krystallographisk-Chemiske Undersogelser, af Th. Hiortdahl. 
1881. 4to. 
Vaextlivet i Norge med saerligt Hensyn til Plantegeographien, 
af Dr F. C. Schiibeler. 1879. 4to. | 
Enumeratio Insectorum Norwegicorum. Edidit J. S. Schneider. 
Fasc. V. Pt. 1. 1880. 8vo. | 
Die Silurischen Etagen 2 und 3, im Christianiagebiet und auf 
Eker, von W. C. Brogger. 1882. 8vo. | 
Silurfossiler og Pressede Konglomerater i Bergensskifrene, af Hans 
H. Reusch. 1882. 8vo. 
Cincinnatt.—The Journal of the Cincinnati Society of Natural History. 
Vols. VL, VII. 1883-84. 
University of Crncinnati.—Publications of the Observatory. 
1879. 8vo. 
Connecticut.—Transactions of the Connecticut Academy of Arts and 
Sciences. Vol. VI. 1884. 8vo. 
Copenhagen.—Mémoires de Académie Royale de Copenhague. Classe 
des Sciences. Vol. XII. No. 6. Spolia Atlantica. Vol. I. Nos. 
1-10. Vol, II. Nos. 1-6. 1881-84. 4to. 
Oversigt over det Kongelige Danske Videnskabernes Selkabs For- 
handlinger. 1883-84. 8vo. 
Cordoba (Republica Argentina).—Boletin de la Academia Nacional de 
Ciencias de Ja Republica Argentina. Tom. IV. 1. 1882. 
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Cordoba.—Informe oficial de la Comision scientifica de la Expedicion al 
Negro. Entrega II. Botanica.—III. Geologia. 1881-82. 
olio. 
Resultados de la Oficina Meteorologica Argentina. Tomos III., 
IV. 1882. 4to. 
Resultados del Observatorio Nacional Argentino. Vols. IV., VII. 
VIII. 1884. 4vo. 
Cornwall.—Transactions of the Royal Geological Society of Cornwall. 
| Vol. X. Pts. 4-6. 1882-84, and Catalogue. ee 
Dantzvg.—Schriften der Naturforschenden Gesellschaft. Bd. IV. 1876-78. 
Bd. V. 1883. Bd. VI. 1883. 
Duvenport.—Proceedings of Academy of Natural Sciences. Vol. III. 
1883. | 
Delft.—Annales de I’Ecole Polytechnique. 1¢ Liv. 1884. 4to. 
Dorpat.—Inaugural Dissertations. 1882, 1883. — 
Meteorologische Beobachtungen. 1877-1880. 8vo. 
Irish Academy Proceedings (Science). Series II. Vol. 
. 1882. 
Proceedings (Polite Literature and Antiquities). Series II. Vol. 
IT. Nos. 4, 5. 1883. | 


Transactions of the Royal Irish Academy (Science). Vol. XXVIII. 
Science, 1—XVI. 1883-84. 4to. 

Irish MS. Series. Vol. I. Pt. 1. 

Polite Literature and Antiquities. No. V. 1881. 4to. 

The Scientific Proceedings of the Royal Dublin Society. (New 
Series.) Vol. 1V. 1883-8. 

The Scientific Transactions of the Royal Dublin Society. Vols. 
II., 1882-84. 

Journal of the Royal Geological Society of Ireland. Vol. XVI. 
Part 2. 1882.—F'rom the Society. 


Dunsink (Dublin).—Astronomical Observations and Researches made at 


Dunsink. 5th Part. 1884.— From the Observatory. 


Edinburgh.—Transactions of the Royal Scottish Society of Arts. Vol. X. 


Pt. 5. 1883. 8vo. 

Annual Reports of the Council of the Royal Scottish Academy of 
Painting, Sculpture, aud Architecture. 1883-84. 

Highland and Agricultural Society of Scotland’s Transactions. 
4th Series. Vols, XV. 1883. XVI. 1884. 

Transactions and Proceedings ‘of the Botanical Society. Vols. 
XIV., XV. Part 1. 1884. 8vo. | 

Transactions of the Edinburgh Geological Society. Vol. IV. 
Part 2. Session 1882. 8vo. | 

Proceedings of the Edinburgh Mathematical, Society. 2nd Sess. 
1883-84. 8vo. 

Journal of the Scottish Meteorological Society. With Tables for 
1883. 3rd Series, No. 1. 1884. 8vo. 

_ Proceedings of the Royal Physical Society. Session 1881-82, 

1882-83. 8vo. 

Historical Sketch of the Laws of the Royal College of Physicians 
of Edinburgh from its Institution to August 1882. 1882. 4to. 

Monthly nay whee We Returns of the Births, Deaths, and Mar- 
riages registered in Scotland. July 1882 to December 1884.— 
From the Registrar-Genaral. 

Edinburgh Uuiversity Calendar for Sessions 1833-84, 18&4-85. 
8vo. 

Geological Survey of Scotland. One-Inch Scale—Maps of Kirk- 

cudbright (No. 5), of Dumfries and Kirkcudbright yom 6), ot 
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Kelso (No. 25), of Glasgow (No. 30), of Benholm (N. 57a). 
Six-Inch Scale—Map of County of Linlithgow (No. 8), of Count 
of Perth (Nos. 133, 184, 135, 139, 140, 141, 142, 143). Hort- 
zontal Section of Scotland—Muirkirk Coal Fields. Vertical 
Section of Scotland—Muirkirk and Douglas Coal Fields. 
Vertical Section of Scotland—Rutherglen and Carluke Coal 
Fields. oo of Sheet 31, embracing parts of Stirling- 
shire, Lanarkshire, and Linlithgowshire. 
Memoirs of the Geological Survey of Scotland. Explanation of 

Sheet 97. | 

Ekatherinebourg.— Bulletin de la Société Ouralienne d’Amateurs des 
Sciences Naturelles. Tome VII. Livr. 3. 1882. (In Russian 
and French.) | 

Erlangen Unwersity.—Inaugural Dissertations. 1883. 

Essex Institute (U.S.).—See Salem. : 

Frankfurt-a-M.—Abhandlungen herausgegeben von der Senckenberg- 
ischen Naturforschenden Gessellschaft. Bd. XIII. 1883-84. 4to. 

Berichte tiber die Senckenbergische Naturforschende Gesellschaft. 

Bde. fiir 1881-82, 1882-83.  8vo. 

Geneva.—Mémoires de la Société de Physique et d’Histoire Naturelle de 
Geneve. Tome XXVIII. 1882-83. 

Genoa.—Annali del Museo Civico di Storia Naturale. I1 Marchese G. 
Doria, Direttore. Vol. XIX.-XXI. 1883-84. 8vo. 
Gasgow.-—Proceedings of the Philosophical Society of Glasgow. Vols. 
XIV., XV. 1882-84. 


Transactions of the Geological Society of Glasgow. Vol. VII. 


1883. 8vo. 
University Catalogue of 6415 Stars for the Epoch 1870. 1884. 
4to. 
wernt esp des Oberhess. Gesellschaft fiir Natur- und Heilkunde. 
1883. 8vo. | 


Gottengen.—A bhandlungen der Konig]. Gesellschaft der Wissenschaften. 
Bde. XXIX., XXX. 1882-83. 
Nachrichten von der K. Gesellschaft der Wissenschaften und der 
Georg-Augustus-Universtiit, aus den Jahren 1882-83. 8vo. 
Graz.—Mittheilungen des Naturwissenschaftlichen Vereines fiir Stcier- 
mark. Jahrg. 1882-83. 8vo. | 
Greenwich.—Spectroscopic and Photographic Results. 1882. (Royal 
Observatory, Greenwich). 4to. 
Astronomical, Magnetical, and Meteorological Observations, 1878, 
1881, 1882. 4to. 
Haarlem.—Archives Néerlandaises des Sciences Exactes et Naturelles, 
ubliées par la Société Hoilandaise de Harlem. Tomes XVIII, 
IX. 1883-84. 8vo.—From the Society. 
Archives du Musée Teyler. Serie II. 1882-83. 
Teyler’s Tweede Genootschap. Neuwe Reeks I., IJ., and Atlas. 
Teyler’s Godgeleerd Genootschap. N. Serie, Elfde Deel. 1883. 
Hulifar.—Proceedings of the Yorkshire Geological and Polytechnic 
Society. Vol. VIII. 1884. 8vo. 
Proccedings and Transactions of the Nova Scotian Institute of | 
Natural Science. Vol. VI. 1882-83. 
Halle.—Nova Acta Academiae Caesareae Leopoldino-Carolinae Germanicae 
Naturae Curiosorum. Tom. XLIV. 1883. 
a amtliches Organ der K. Leopold-Carolinisch-Deutschen 
Akademie der Naturforscher. Hft. XVIII. 1882. 4to. 


Abhandlungen der Naturforschenden Gesellschaft. Bd. XVI. 
1883-84. 4to. | 
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Halle.—-Bericht uber die Sitzungen der Naturforschenden Gesellschaft. 
1882-83, 8vo. 
Helsingfors.—Acta Societatis Scientiarum Fennicae. Tom. XII. 1883. 
Notiser ur Sallskapets pro Fauna et Flora Fennica Forkand- 
._lingar. Ny Serie. Halft. 5. 
Ofversigt af Finska Vetenskaps-Societens Foérhandlingar. Vols. 
XXIIT., XXIV. 1881-82. 8vo. 
Observations Météorologiques, publiées par la Société des Sciences 
de Finlande. Annés, 1880. 8vo. 
Bidrag til Kannedom af Finlands Natur och Folk, utgifna af 
Finska Vetenskaps-Societeten. Haft. 36. 1881. 8vo. 
Indian Government, Calcutta.—Records of the Geological Survey of India. 
Vols. XV.-XVII. 1882-83. 
Memoirs of the Geological Survey of India, Vols. XIX., XX. 
1882-83. 
Palzontologica Indica. Series X. Vol. IT. Pt. 4. 
Camelopardalide. Vol. III. Pt. 2. 1884. 
Series X. Vol. III. Pts. 1-5. 
Series XII. Vol. IV. Pt. 1—Fossil Flora. 
Series XIII. . Vol. I. Pt. 4—Salt-range Fossils. Brachiopoda. 
Series XIV. Vol. I. Pts. 3 and 4—Fossil Echinoidea. 1884. 
Ato. 
The Indian Antiquary ; A Journal of Oriental Research. 1882-84. 
The Flora of British India. By Sir J. D. Hooker, M.D. Part 
Account of the Operations of the Great Trignometrical Survey of 
India. Vols. VIII., IX. 1882-83. 4to. 
Japan.—Transactions of the Seismological Society. Vols. 1.-VI. 1880- 
83. | 
Memoirs of the Science Department of the University of Tokio. 
Earthquake Measurement, by J. A. Ewing, F.R.S.E. Tokio, 
1883. 4to. 


Jena.—Denkschriften der Medicinisch-Naturwissenschaftlichen Gesell- 
schaft :— 
Band I. 2te Abth. System der Acraspeden, mit Atlas, von Ernst — 
Haeckel. | 


Sitzungsherichte der Jenaischen Gesellschaft fiir Medicin und 
Naturwissenschaft fur 1882-83. 8vo. 

Jenaische Zeitschrift fiir Naturwissenschaft, herausgeben von der 
Medicinish-Naturwissentchaftlichen Gesellschaft zu Jena. Bde. 
XVIL, XVIII. 1. 1883. 8vo. 

Kasan.—Isvestia i Ouchenui Sapiski Imperatorskago Kasanskago Uni- 
versiteta. 1881-83. 8vo. 

Kew.—Kew Observatory Report for 1882. 8vo. 

Kiel.—Vierter Bericht der Commission zur Wissenschaftlichen Unter- 
suchung der deutschen Meere fiir die Jahre 1877, bis 1881. 
Abtheil 1-3. Fol. | 

Schriften, der Universitit zu Kiel. Bde. X. 1881. 4to. 
Inaugural University Dissertations. 1882, 1883. 

Lausanne.—Bulletin de la Société Vaudoise des Sciences Naturelles. 
94 Série. Vols. XVIII-XX. 1882-84. 8vo. 

Leeds.—Philosophical and Literary Society Reports, 1882-84. 

Leipzig.— Berichte iiber die Verhandlungen der Konigl. Sichsischen 
Gesellschaft der Wissenchaften. Math. Phys. Classe. 1882-84. 
8vo.—Philologisch-Historische Classe. 1881-82. | 

Abhandlungen der Math.-Physischen Classe. Bd. XII. Nos. 7-9. 
XIII. 1. 1883-84.—Phil. Hist. Classe. Bd. IX. 1884. 8vo. 
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Leipsig.—-Preisschriften gekroént u. herausgegeben von der Fiirstlich Jab- 

lonowski’schen Gesellschaft. No. 16. 1884. 8vo. 
Sitzungsberichte der Naturforschenden Gessellschaft. 1880, 
Nos. 1, 2. 

Leyden.— University. Inaugural Dissertations. 1876-83. 

Lille—Société Géologique du Nord. Annales X. 1882-83. 

Liverpool.—Proceedings of the Literary and Philosophical Society. Vols. 
XXXV.-XXXVII. 1880-83. 8vo. 

Lisbon.—Memorias da Academia Real das Sciencias. Classe de Sciencias 
Moraes, Politicas e Bellas-Lettras. Nova Serie. Tomo VI. 
Parte 1. 1881. 4to—Classe de Sciencias Mathematicas, 
Physicas, e Naturaes. Nova Serie. Tomo VI. Parte 1. 1881. 

Boletin da Sociedade de Geographia. 4* Series. Nos. 1-9. 
1883-84. 

London.—Proceedings of the Society of Antiquaries. Vols. VIII., IX. 
1884.—Archeologia; or Miscellaneous Tracts relating to Anti- 
quity. Vols. XLVIL, XLVIII. 1881-84. 4to. | 

Journal of the Anthropological Institute of Great Britain and 
Ireland. Vols. XII., XITI., X1V. 1882-84. 8vo. : 

Journal of the Society of Arts. 1882-84. 8vo.—From the Society. — 

Nautical Almanac and Astronomical Ephemeris for the Year 
1887.—F rom the Lords of the Admiralty. 

Monthly Notices cf the Royal Astronomical Society. Vols. 
XLIL-XLIV. 1882-84. 8vo.—Memoirs of the Royal Astro- 
nomical Society, Vols. XLVII., XLVIII. 1882-84. 4to. 

Report of the Scientific Results of the Exploring Voyage of 

| .M.S. “Challenger.” Vols. VI.-X. 1882-84. 4to.—F rom the 
Lords of the Treasury. | 

Journal of the Chemical Society. 1883-84. 8vo.—From the 
Society. 

Transactions of the Clinical Society of London. Vols. XIIL., 
XVI., XVII. 1883-84.—From the Socvety. | 

Minutes of Proceedings of the Institution of Civil Engineers, 
Vols. LXXI.-LXXVIII. 1882-84. 8vo. 

Institution of Mechanical Engineers, Proceedings. 1882-84. 

Proceedings of the Royal Geographical Society. New Series. 
Vol. V., 1883. Vol. VI., 1884. : 

Abstracts of Proceedings of the Geographical Society of London. 
1882-84, 

Quarterly Journal of the Geological Society. Vols. XXXIX., 
XL. 1882-84. | 

Proceedings of the Geologists’ Association. Vol. VIII. 1883-84. 

Journal of the East Indian Association. Vols. XV., XVI. 
1883-84. 8vo. 

Journal of the Linnean Society. Zoology. 1882-84.—Botany. 
1882-84.— Proceedings of the Linnean Society from Nov. 1880 
to June 1882. 

The Transactions of the Linnean Society. Second Series. Botany. 
Vol. II. 1882-84. | | | 

The Transactions of the Linnean Society. Second Series. Zoology. 
Vol. II. Pts. 5-9. 1882-84. 4to. : 

Transactions of the Royal Society of Literature. Second Series. 

Vol. XIII. Pt. 1. 1883. 8vo. 

Proceedings of the London Mathematical Society. Vols. XIV., 
XV. 1882-84. 

Medical and Chirurgical Transactions published by the Royal 

- Medical and Chirurgical Society. Vols. LXVI., LXVII. 
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1883-84. 8vo.—Proceedings cf the Royal Medical and Chirur- 
gical Society. New Series. Vol. I. 1883-84. Vol. [X. Nos. 
1-4, 1881-82. 

Quarterly Journal of the Meteorological Society. Nos. 43-52. 
1882-84. 8vo. | 
The Meteorological Record: Monthly Results of Observations 
made at the Stations of the Meteorological Society. Nos. 6-14. 

1882-84. 

Report of the Meteorological Council to the Royal Society for the 

year ending 31st May 1882. 

Quarterly Weather Report of the Meteorological Office. New 
Series. For 1876-80. 4to. 

Report of International, Meteorological Committee Meeting at 
openhagen, 1882. 8vo. | 
Rainfall Tables of the British Isles for 1866-80, By G. J 

Symons, F.R.S. 1883. 8vo. 

_ Sunshine Records for 1881. 

Phenological Phenomena. 2nd Ed. 1883. 

Hourly Readings. 1881-82. 

Monthly Weather Report. January-September, 1884. 

Weekly Weather Report. 1884. 

A Meteorological Atlas of the British Isles. 

Journal of the Royal Microscopical Society, containing its 
Transactions and Proceedings. New Series. Vols. III, IV. 
1882-84. 8vo. | 

Statistical Report of the Health of the Navy for 1882.—From the 
Lords Commissioners of the Admiralty. _ 

The Mineralogical Magazine and Journal of the Mineralogical 
Society of Great Britain and Ireland. Nos. 20-27. 1882-84. 
8vo. 

British Museum.—Catalogue of Passeriformes or Perching Birds 
in the British Museum: Paride, and Laniide, Certhiomorphe, 
Cynnymorphe. By Hans Gadow. 1884. 8vo. 

——— Catalogue of the Passeriformes. Cichlomorphe, Pt. IV., 
containing the concluding Portion of the Family Timelide 
(Babbling Thrushes). By R. B. Sharpe. 1881. 8vo. 

——— Catalogue of Early English Books to 1640. 3 vols. 8vo, 

—— Catalogue of the Greek Coins in the British Museum, | 
1884. &vo. 

Transactions of the Pathological Society of London. Vols. 
XXITL-XXV. 1882-84. 8vo.—Proceedings, 1880-1884. 8vo. 

Museum of Royal College of Surgeons.—Catalogue of the Speci- 
mens illustrating the Osteology and Dentition of Vertebrated 
Animals in the Museum. Pt. 2—Mammalia, other than Man. 
By W. H. Flower, LL.D., and J. G. Garson, M.D. 1884.—From 
the College. 

Philosophical Transactions of the Royal Society. Vol. CLXXIV. 
1882-83.—Proceedings of the Royal Society. Vols. XX XIV.- 
XXXVIT. 1882-84. 

Proceedings of the Royal Institution of Great Britain. 1883-84. 
—From the Institution. 

Journal of the Statistical Society. Vols. XLVI, XLVII. 1883-84. 
Svo. 

Transactions of the Zoological Society of London. Vol. XI, Pts. 
8,9. 1883-84. 4to.—Proceedings for the years 1882-84, | 

University College.—Catalogue of the Books in the Library of. 
3 vols. 1879. 
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Louvain.—Annuaires de l'Université de Louvain. 1872-1883. 12mo. 
Lund.—Acta Universitatis Lundensis. Tom. XVII. 1881. 
Lyons.—Mémoires de Académie des Sciences, Belles-Lettres et Arts. 
Classe des Sciences, Tome XXVI. 1883-84.—Classe des 
Lettres, XX. 1882. | 
Annales de la Société d’ Agriculture, Histoire Naturelle, et Arts 
Utiles. 5™° Séries, Tome 1V. 1881. 8vo. 
Annales de la Societé Botanique. 1881-83. 8vo. 

Musée Guimet. Annales, Tomes I-VI. 1880-84.—Revue de 
V’Histoire des Religions. Tome lV. 1882-84. 8vo. | 
Mudras.—Meteorological Observations made at Singapore by Captain 

C. M. Elliot. 1841-45. Ato. 
Report on Central Museum. 1882. Folio. 
Notes on the Amaravati Stupa, by J. Burgess, LL.D. 1882. 
4to. 3 
The Madras Journal of Literature and Science for 1880. 8vo. 
Madrid.—Memorias de la Comision Geologica de Espaiia. Provincia de. 
Barcelona, 1881. Valencia, 1882. 8vo. 
Boletin de la Comision del Mapa Geologico de Espafia. Tomo 
VIIL-X. 1881-83.—From the Commission. 
Manchester.—Transactions of the Manchester Geological Society. Vol. 
XVII. 1882-84.—From the Society. 
Literary and Philosophical Society. Memoirs, 38rd _ Series, 
Vol. VII. 1882.—Proceedings, Vols. XX.-XXII.. 1881-83. 
8vo. | 
A Century of Science in Manchester. By Dr R. Angus Smith, 
1883. 8vo. 
Marseilles—Bulletin de la Societé Scientifique Industrielle. Tomes 
IX., X. 1881-82. 
Milan.— Reale Istituto di Scienze e Lettere. Memorie: Classe di Lettere 
e Scienze Morali e Politiche. Vols. XIV., XV. 1882-83.— 
Classe di Scienze Mat. e Nat. Vols. XIV., XV. 1883.— 
Rendiconti. Vols. XIII, XIV., XV. 1880-82. 
Atti della Societi Italiana di Scienze Naturali. Vols. XXIV., 
~XXYV. 1882-83. 8vo. 
Publicazioni del Reale Osservatorio di Brera in Milano. XXIII.- 
XXVI. 1881-84. 4to. 
Atti della Societa Crittogamologica Italiana. Vol. III. Disp. 2. 
1883. 8vo. 
Modena.—Memorie della Regia Accademia di Scienze Lettere ed Arti. 
Ser. II. Tom. I., 1883-84. 4to. 
Anuuario della Societa dei Naturalisti. Anno XIV. Disp. 4. 
Montreller—Académie des Sciences et Lettres de Montpellier: Mémoires 
de la Section des Sciences. Tome X. Fasc. 2, 1882.—Section 
des Lettres. Tome VI. Fasc. 4.—Section de Médecine. Tome 
V. Fase. 2. 
Montreal.— Royal Society of Canada Vol. I. 1884. | 
Moscow.—Annales de VObservatoire de Moscou. Vol. VIII., 1882. 
IX., 1883. X., 1884. 4to. 
Bulletin de la Société Impériale des Naturalistes de Moscou. 
Anneées 1882-84. 8vo. 
Nouveaux Mémoires de la Société Impériale des Naturalistes de 
Moscou. Tome XV. 1. 1884. 
Bulletins de la Société Impériale des Amis d’Histoire Naturelle, 
WAnthropologie, et d’Ethnographie. Tomes XXXII. Livr. 
4, 1882. XVI. 2, XLI. 2, 1882. XLIT. 1882. XLITI. 
1, 1883, XLIV. 1, 1883. 
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Munich,— A bhandlungen der k. Bayerischen Akademie der Wissenschaften 
der Mathematisch-Physikalischen Classe, Bd. XIV. 1880-83.— 
Philosophisch-Philologische Classe, Bd. XVI. 3° Abtheil., 1882. 
—Historiscl Classe, Bd. XVI., XVII. 1883.—Sitzunge- 
berichte der Mathematisch-Physikalischen Classe der k. B. 
Akademie der Wissenschaften. 1882-84.—Der Philosophisch- 
Philol. und Historischen Classe, 1882-84, 

Miinchen.—Monumenta Tridentina, Hft. 1, 1545. Miinchen. 
4to. 
Miinchene Sternwarte. Bd. X. Suppt., 1871. Bd. XIV. Suppt., 
1884, 8vo. 
Naples.—Atti della R. Accademia delle Scienze Fisiche e Matematiche. 
Vol. IX. 1882. 4to. 
Rendiconti della R. Accademia. Anni XIX-XXI. 1880-82. 
4to. 
Mittheilungen aus der Zoologischen Station zu Neapel. Bde. IV., 
V. 1883-84. 8vo. 
Neuchatel.—Bulletin de la Société des Sciences Naturelles de Neuchatel. 
Tome XIII. 1883. | 
New York.—Bulletin of the American Museum of Natural History. 
1883-84. 8vo. 
Natural History of New York. Paleontology. Vol. V. Pt. 2. 
Text and Plates: Gasteropoda, Pteropoda, and Cephalopoda. 
By James Hall. Albany, 1879. 4to. 
Ninety-third and Ninety-fourth Regent’s Reports of the University. 
Nijmegen.—Nederlandsch Kruidkundig Archief.—Verslagen en Mede- 
deelingen der Nederlandsche Bontanische Vereeniging. 2¢Serie, 
3°, 4¢ Stuk. 1881. 
Norwich.—Transactions of the Norfolk and Norwich Naturalists’ Society, 
for 1880-82. Vol. III. Pts. 4, 5. : 

Oberpfalz und Regensburg.—Verhandlungen des historischen Vereines. 
Bde. XXXVI.-XXXVII. 1882-83. 8vo. 

Ohio.—Mechanics’ Institute. Vol. II. 1883. | 

Oxuford.—Journal of the Proceedings of the Ashmolean Society. No. 3, 
1880. 8vo. | 

Results of Astronomical Observations at the Radcliffe Observatory 
in 1880. Vol. XXXVIII. 8vo. 

Palermo.—Hortus Botanicus Panormitanus, Auctore Augustino Todaro, 
Directore. Tom. II. Fas. 3. 1882. Fol. 
Paris.—Comptes Rendus des Séances de ]’Academie des Sciences. Dec. 
1882 to Dec. 1884. 4to. | 

Passage de Venus sur le Soleil. Mesures des Epreuves Photo- 
graphiques. 1882. 4to. | 

Oeuvres complétes des Laplace, publiées sous les Auspices de 
Académie des Sciences. Tomes V., VI. 1882-84. 4to. 

Oeuvres complétes d’Augustin Cauchy, publices sous la Direction 
de Académie. TomesI.and IV. 1882-84. 

Comptes Rendus de ]’Académie des Inscriptions et Belles-Lettres. 
1882-84.—Mémoires de l’Académie des Inscriptions et Belles- 
Lettres. Tomes XXIX,., XXX*. 1879-81. 

Bulletins de la Société d’Anthropologie. Sér. III. Tomes VI., VII. 
1883-84. 

Annales de I’Ecole Normale Supérieure. Tome XI. No. 4. 
1882. 

Annales des Mines. 1882-84. 

Bulletins des Séances de la Société Nationale d’Agriculture de 
France. 1882-84. 8vo. 
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Paris.—Bulletin Hebdomadaire de ]’Association Scientifique de France. 
1882-84. 

Bulletins de la Societe de Géographie. Tom. IV. 1883-84.— 
Comptes Rendus. 1883-84.—From the Society. 

Société Géologique de France.—Bulletins. 3° Série. Tomes X., 
XI., XII. 1882-84.—Mémoires, 3¢ Série. Tomes III, IV. 
1882. 

Annales Hydrographiques. 1882-84. 

Annales de l’Observatoire de Paris. Observations, les Tomes pour 
1871, 1872, 1873, 1879, 1880. 4to.—Mémoires, Tomes XVLI., 
XVII. 1882-83. 4to.—Rapport Annuel sur l’Etat de l’Ob- 
servatoire de Paris par M. le Contre-amiral Mouchez, pour les 
Années 1881, 1882, 1883. 

Journal de l’Ecole Polytechnique. 51-53 Cahiers. 1881-83. 

Bulletins de la Socicté Mathématique de France. Tomes XLI., 
XII. 1882-83. 8vo.—Jrom the Society. 

Ministére de ]’Instruction Publique. Dictionnaire de ]’Ancienne 
Langue Frangaise et de tous ses Dialectes du 1X* au XV° Siécle. 
Par Frédéric Godefroy. Fasc. 15418. Paris, 4to. 

Muséum dHistoire Naturelle. Rapports Annuels de MM. les 
Professeurs et Chefs de Service.— Nouvelles Archives du 
Muséum d’Histoire Naturelle. 2™¢ Série. Tomes IV., V., VI. 

1881-83. 

Observations météorologiques. 1880-81. 

Société Francaise de Physique. Collection de Mémoires relatifs 
& la Physique. Tome I. Mémoires de Coulomb. 1884. 
8vo. : 

Société Polymathique. Bulletins VI., VII. 1881-83. 

Publications du Dépot de la Marine, 1882-84. 

Société Zoologique. Bulletins 1876-84. 

Philadelphia.—Proceedings of the American Philosophical Society for 
Promoting Useful Knowledge. Nos. 110-115. 1882-84. 8vo. 
—Transactions. New Series, Vol. XVI. 1883.—A Manual 
for the Use of Students in Egyptology. By E. Y. M‘Cauley. 
roceedings. No. 110.—Dictionary o Hiero ics. 
By E. Y. M‘Cauley. a 

«Proceedings of the Academy of Natural Sciences for 1881-84.— 
Journal of the Academy of Natural Sciences. Vol. VIII. Pt. 4. 
4to. 

Pisa.—I1 Nuovo Cimento. 378 Serie. Tom. IX. 1881.—From the 
Edttor. 

Poulkova.—Nicolai-Hauptsternwarte. Jahresbericht fiir 1882. 8vo. 

Observations de Poulkova, publiées par Otto Struve. Vol. XI. 

Prague.—Astronomische, Magnetische, and Meteorologische Bevbach- 
tungen an der K. K. Sternwarte zu Prag, in 1882 und 1883. 

Abhandlungen der Konig]. Bohmischen Gesellschaft. Folge VJ. 

Bd. II. 1881-82.—Sitzungsberichte. Jahrg. 1881-82. 

(Quebec.—Transactions of the Literary and Historical Society of Quebec. 
Sessions of 1882-83. 8vo. 

‘Queensland.—The Proceedings of the Royal Society of Queensland. Vol. 
1. 

Rhineland ad Westphalia.—Verhandlungen des Naturhistorischen 
Vereines der preussischen Rheinlande u. Westfalens. 1882-83. 

Rio de Janeiro.—Bulletin Astronomique et Méteorologique de l’Observa- 
toire Impérial. 1883. 4to. 
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Rome.—Atti delta R. Accademia dei Lincei. Transunti, Vol. VII., VIII. 
1881-82. 
Memorie. Classe di Scienze Fis., Mat.,e Nat. Serie III., Vols. 
IX., X.—Classe di Scienze Morali, Storiche e Philol. Vols. 
VIL-XIII. 1882. 
Memorie della Societa Italiana delle Scienze (detta dei XL.) 
Il. Tom. I, IJ. Ser. III. Tom. 1-V. 1862-62. 
to. 
Memorie della Societa degli Spettroscopisti Italiani. Vols. XII., 
XIII. 1883-84. 8vo. 
Shanghat.—Journal of the North China Branch of the Royal Asiatic 
Society. New Series. Vol. XVII. 1883. 
Saint Louts.—Transactions of the Academy of Science. Vol. IV. No. 2. 
1882. 8vo. 

Petersburg.—Bulletins de Académie Impériale des Sciences de St. 
Pétersbourg. Tomes XXVIII, 1882-83; XXIX., 1884.— 
Mémoires de l’Académie Impériale des Sciences. Tomes 
XXX.-XXXIT. 1882-84. 4to. | 

Neue Reduction der Bradley’schen Beobachtungen aus den 
Jahren, 1750 bis 1762. Von Arthur Auwers. 2 Bad. 
1882. Fol. 

Comptes-Rendus de la Commission Impériale Archéologique, pour 
Année 1880. 4to; avec Atlas, folio. 

Journal Russkago Phisico-Chimicheskago Obtschestva. Tom. 
XV., XVI. 1883-84. &vo. 

Bulletin de la Commission Polaire Internationale, Hfte. 4-6. 
1883-84. Fol. | 


-Otchet Imperatorskago Russkago Geographicheskago Obtshestva. 
1882. 8vo, | 


Annalen des Physicalischen Central-Observatoriums. Jahrg 
1881, 1882. 
Repertorium fur Meteorologie, herausgegeben von der Kaiserlichen 
Akademie der Wissenschaften. Bd. VIII. 1883. 8to. 
Comité Geologique. Isvaistiya, No. 1-7. 1884.—Memoires. 
Vols. I.-IIT. 1884. 4to. 
Salem.—Essex Institute Historical Collections. Vol. XIX. 1883. 
Bulletin of the Essex Institute. Vol. XIV. 
Singapore.—See Madras. 
Stockholm.—Astronomiska Jakttagelser. Bd. 1881. 8vo. 
Ofversigt af Kong. Vetenskaps Akademien Forhandlingar. bd. 
_XXXVITI.—Handlingar. Ny Foljd. Bd. XIX. No.7. Pour- 
talesia af Prof. Lovén. | 
Bihang till Kong. Svenska Vetenskaps-Akademiens Handlingar. 
Bd. V. 8vo. 
Icones Selectae Hymenomycetum nondum delineatorum. Vol. IT. 
—From the Royal Swedish Academy. — 
Strassbourg.—Inaugural Dissertations. | 
Stuttgart.—Jahreshefte des Vereins fur vaterlandische Naturkunde in 
Wirttemberg, Jahrg. 1883-84. 
Switzerland.—Nouveaux Mémoires de la Société Helvétique des Sciences 
Naturelles. Band XXVIII. 1882. 4to. 
Schweizerische Geoditische Commission. Nivellement de Pré- 
cision de la Suisse. 8¢ Liv. 1883. 
Verhandlungen der Schweizerischen Naturforschenden Gesell- 
schaft. 1881-82. 8vo. | 
Sydney.—The Proceedings of the Linnean Society of New South Wales. 
Vols. VIIT., IX. 1883-84. 
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Sydney.—Transactions and Proceedings of the Royal Society of New South 

| Wales. Vols. XV.-XVII. 1882-84. 8vo. 

Toronto—The Canadian Journal and Proceedings of the Canadian 
Institute. New Series. Vols. I., II. 1882-84. 

Toulouse.—Mémoires de Académie des Sciences, &. Tome IV. 1882- 

83. 8vo. 

Trieste.—Bolletino della Societé Adriatica di Scienze Naturali. Vol VI., 
1881; Vol. VIIL., 1883-84. | 

Tromsé.—Troms6 Museum Aarshefter. No. 5. 1882-83. 

Turin.—Memorie della Reale Accademia delle Scienze di Torino. Serie 
Seconda, Tom. XXXIV. 1883. 4to.—Atti della R. Accademia 
delle Scienze di Torino. Vols. XVII.-XIX. 1882-84. 

Bolletino dell’ Osservatorio della Regia Universita di Torino. 
Anni XVII., XVIII. 1882-83. | 

Prime Observazioni con Anelli Micrometrici. 1884. 8vo. 

Effemeridi del Sole, della Luna, e dei Principali Pianeti per gli’ 
Anni 1884, 1885, del Prof. Angelo Charrier. Torino, 1883. 8vo. 

Annali del R. Istituto Tecnico Germano Sommeiller, Anno 
1883-84. 8vo. 

United States, Salem.— Proceedings of the American Association for the 
Advancement of Science, 30th Meeting, held at Cincinnati, 

- 1881. Thirty-first Meeting, held at Montreal 1882. 8vo. 

Upsala. — Bulletin Metéorologique Mensuel de I’Observatoire de l’Univer- 

sité d’Upsal. Vols. XIT1., XIV., Années 1881, 1882. 4to. 
Nova Acta Regiz Societatis Scientiarum Upsaliensis. Ser. 3*, 
Vols. XI., XII. 1883. 

Utrecht.—Verslag van het Verhandelde in de Provinciaal Utrechtsch 
Genootschap van Kunsten en Wetenschappen, 1881.—Aantee- 
keningen van het Provinciaal Utrechtsch Genootschap. 1879-82. 

Venice.—Meccanico Della Caloria di Enrico A. Rowland. Relazione 
critica sulle varie Determinazioni dell’ Equivalente. 1882. 8vo. 

Atti del Reale Istituto Veneto di Scienze, Lettere ed Arti. Tomo 
Ser. VI. Tomo l. 1881-84. 

Victoria.—Transactions and Proceedings of the Royal Society ot Victoria. 

Vols. XIX., XX. 1882-84, 
Statistical Register and Australian Statistics for the years 1882-84, 
with a Report by the Government Statist. ao 
Victorian Year-books for 1881, 1882, 1883, 1884. 
Vienna.--Denkschriften der Kais, Akademie der Wissenschaften. Math.- 

| Naturwissenschaftliche Classe. Bde. XLV.-XLVI. 1882-84.— 

Philosophisch-historische Classe. Bd. XX XIIT. 1883. 

Sitzungsberichte der Mathemat.-Naturwissenschaften Classe. 
Bde. LXXXIV.-LXXXVII. 1882-83.—Philosoph.-Historische 
Classe. Bde. C.-CIII. 1882-83. 

Almanach der K. Akademie der Wissenschaften fiir 1882. 

Zeitschrift der Qesterreichischen Gesellschaft far Meteorologie. 
1882-83. | 

Jahrbiicher der K. K. Central Anstalt fir Meteorologie und 
Erdmagnetismus, Jahrg., Neue Folge; fir 1881, 1882, 1883. 
1884. 4to, | 

Verhandlungen der K. K. Geologischen Reichsanstalt. 1883. 

Abhandlungen der K. K. Geologischen Reichsanstalt. 1881. 4to. 

Jahrbucher der K. K. Geologischen Anstalt. Bd. XXXITI. 
1883. 

Verhandlungen der K. K. Zoologisch-Botanischen Gesellschaft. 
Bde. XXXI., XXXIT. 1882-83. 

Warwick.—Proceedings of the Warwickshire Field Club. 1881. 8vo. 
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Washington.—Bureau of Navigation, Navy Department, Astronomical 
Papers. Vol. I. 1881. 4to. 

United States Naval Observatory. Vol. XXV. Monograph of 
the Central Parts of the Nebula of Orion. By E. G. Holk en.— 
Vol. XXVI. 1878. Astronomical and Meteorological Observa- 
tions made during the year 1879. 4to. 

Astronomical Papers of the American Ephemeris and Nautical 
Almanac. Vols. I-III. 1881-83. | 

Signal. Service Office—-War Department.—Report of the Chief 
Signal Officer, General W. B. Hazen, for 1880. 8vo.— 
Professional Papers of the Signal Service. Nos. 8-12. 
1883-84. | 

First Annual Report of the Bureau of Ethnology to the Secretary 
of the Smithsonian Institution. 1881. 8vo.—Contributions to 

North American Ethnology. Vols. [V., V. 1881. 

Second Annual Report of the United States Geological Survey. 
1880. 8vo. 

Report of the United States Surveys West of the One Hundredth 
Meridian, in charge of Lieutenant G. M. Wheeler. Vol. III. 

United States Geographical and Geological Survey of the 
Territories. Twelfth Annual Report. Wyoming and Idaho. 
2 parts. 1880. | 

Bulletin of the United States Geological and Geographical Survey 
of the Territories. Vol. VI. 1881-82. | 
— of the Superintendent of the United States Coast and 

Geodetic Survey during the Years 1879, 1880, 1881, 1882. 
4to. 

Smithsonian Miscellaneous Collections. Vols. XXII.-XXVII. 
1882-84. 8vo. 

Smithsonian Contributions to Knowledge. Vol. XXIII. 1881. 
4to. 

Smithsonian Reports for 1881, 1882. 8vo. 

Surgeon-General’s Office, U.S. Army—Index Catalogue of the 
Library of the Surgeon-General’s Office. Vols. 1-V. 1880-84. 
4to. 

Bulletin of the United States National Museum. Part 2, 1875; 

Part 3, 1876; Part 7, 1877. 8vo. 

Proceedings of the United States National Museum. Vol. ITI. 
1880. 

Bulletin of the Philosophical Society of Washington. Vols. 
IV.-VI. 1881-84. 8vo. 

Compendium of the Tenth Census of the United States of 

America. June 1, 1880. Parts 1,2. 1883. 8vo. 
Wellington.—Transactions and Proceedings of the New Zealand Institute. 

Vol. XV. 1883. 

Seventeenth and Eighteenth Annual Reports of the Colonial 
Museum and Laboratory. 1882-83. 6vo. 

Reports of Geological Explorations (New Zealand) during 188], 

1883 and 1883-84, with Maps and Sections. 8vo.—/rom the 
Zealand Institute. 
Paleontology of New Zealand. Part IV. Corals and Brycnzoa 
of the Neozoic Period. By Rev. J. E.T. Woods. 1880. 8vo. 

Colonial Museum and Geological Survey. Catalogues of the New 
Zealand Diptera, Orthoptera, Hymenoptera ; with Descriptions 
of the Species. By Prof. F. W. Hutton. 1881. 8vo. 

Reports of Geological Explorations during 1881. 8vo. 
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Wellington.—Meteorological Report for 1883, including Returns for 1880, 
1881, 1882, 1883, and Averages for previous years. 8vo. 

Zurich.—Vierteljahrsschrift der Naturforschenden Gessellschaft in Ziirich. 
25% Jahrg. 1880. 


Schweizerische Meteorologische Beobachtungen. Jahrg. 1881-82. 
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Abbott (Charles C.). Primitive Industry. Salem, Mass., 1881. 8vo. 

Albrecht (le Prof. Paul). Sur le Crane remarquable d’une Idiote de 
21 ans. Bruxelles, 1883. 8vo. 

Sur la Valeur Morphologique de l’Articulation Mandibulaire. 

Bruxelles, 1883. 8vo. 

— Note sure le Pelvisternum des Edentés. Bruxelles, 1883. 8vo. 

Sur les quatre Os Intermaxillaires, le Bec de Lievre et la Valeur 

Morphologique des Dents Incisives Supérieures de PHomme. Brux- | 

elles, 1883. 8vo. 

Sur la Fente Maxillaire double sus-muqueuse et les quatre Gs 

Intermaxillaires de lOrnithorynque adulte normale. Bruxelles, 

1883. 8vo. 

Epiphyses Osseuses sur les Epiphyses Epineuses des Vertébres 

d’un Reptile (Hatteria punctata). Bruxelles, 1883. 8vo. 

— Sur la Valeur morphologique de la Trompe d’Eustache, et les 

‘Dérivés des Arcs Palatin, Mandibulaire, et Hyoidien des Vertebrés. 

Bruxelles, 1884. 8vo. 

— — Sur les Spondylocentres Epipituitaires du Crane, la Non-existence 
de la Poche de Rathke, et la Présence de la Chorde Dorsale et de 
Spondylocentres dans le Cartilage de la Cloison du Nez. Bruxelles, 
1884. 8vo. | 

——--- Sur les Homodynamies qui existent entre la Main et le Pied des 
Mammiféres. Bruxelles, 1884. 8vo. 

Sur les Eléments Morphologiques du Manubrium du Sternum 

chez les Mammiféres. Bruxelles, 1884. 8vo. | 

La Fossette Vermienne du Crane des Mammiféres. Bruxelles, 

1884. 8vo. 

——— Sur les Copule Intercostoidales et les Hemistermoides du Sacrum 
des Mammiféres. Bruxelles, 1883. 8vo. 

Andrews (Thomas), F.R.S.E. On the Strength of Wrought Iron Railway 
Axles. 1879. 8vo. 

—-— On some curious Concretion Balls derived from a Colliery 
Mineral Water. 1879. 8vo. 


——- On the Variations in the Composition of River Waters. 1875. 
8vo. 

Baildon (Henry Bellyse), B.A. The Spirit of Nature, being a Series of 
Interpretative Essays on the History of Matter from the Atom to 
the Flower. London, 1880. 8vo. 


Baker (B.). The Forth Bridge. London, 1884. 8vo. 
Bateman (John Frederic La Trobe), F.R.SS.L. & E. History and 
Description of the Manchester Waterworks. Manchester, 1884. 


Ato. 
Bell (James). The Analysis and Adulteration of Foods. London, 1881. 
8vo. 


Bidie (G.). The Pagoda or Vardha Coins of Southern India. Calcutta, 
1883. 8vo. | 
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Blake (J. H.). On the Conservancy of Rivers, Prevention of Floods, 
Drainage, and Water Suppy. Norwich, 1881. 8vo. 

Bowman (F. H.), D.Sc., F.R.S.E. The Intermediate Text-book of Physical 
Science. London, 1882. 8vo. 

The Structure of the Cotton Fibre in its relation to Technical 
Applications. London, 1882. 8vo. 

Brauer (Prof. Fr.). Offenes Schreiben als Antwort auf Baron Osten- 
Sackeen’s “Critical Review” meiner Arbeit tiber die Notacanthen. 
Wien, 1883. 8vo._ 

Bredichin (Th.). Recherches sur la Comete de 1882, II. Moscou, 1883. 
Ato. 

Sur la Grande Comete de 1882, II. Roma, 1883. 4to. | 

Burnham (Sherburne Wesley). Double-Star Observations made in 1879 
and 1880 with the 183 in. Refractor of the Dearborn Observatory. 
London, 1883. 4to. 


Burgess (James) LL.D. Notes on the Amaravati Stupa. Madras, 1882. 
4to 


Caligny (J. Antenor Hiie de). Mémoires inédits sur la Milice des 
Romains et celle des Frangais. Turin, 1868. Caligny. 8vo.— 
From the Marquis de Caligny. 

Caligny (M. le Marquis Anatole de). Recherches théoriques et expéri- 
mentales sur les Oscillations de )’Eau et les Machines Hydrauliques 
a Colonnes liquides oscillantes. Paris, 1883. 8vo. | 

Campbell (J. M.). On the Occurrence of the White-beaked Dolphin 
(Lagenorhyncus Albirostris, Gray) on the East Coast of Scotland. 

Charrier (Cav. Angelo). Effemeridi del Sole, della Luna, e dei Principali 
Pianeti calcolate per Torino in Tempo medio civile di Roma per 
Anno, 1883. 

Churchill (John Francis), M.D. Stoechiological Medicine. Lond. 8vo. 

Cleghorn (Hugh), M.D., F.R.S.E. Obituary Notice of Deputy Surgeon- 
General Jamieson, F.R.S.E. 1882. 8vo. 

Cremona (Prof. L.). Elemente der Projectivischen Geometrie, tibertraven 

von Fr. R. Trautvetter. Stuttgart, 1882. 

Davidson (Thomas), LL.D. On Scottish Silurian Brachiopoda. 1883. 

Torna (A.). Nuovo Materiale Scientifico e Prime Osservazioni con 
Anelli Micrometrici all’ Osservatorio di Torino. Torino, 1884. 
Svo. 

Ginzel (F. K.). Neue Untersuchungen ueber die Bahn des Olbers’schen 
Cometen und seine Wiederkehr. Haarleem, 1881. 4to. 

Girard Ae Invention nouvelle en Algebre. (Rcimpression par 
Dr D. Bierens de Haan). Leiden, 1884. 4to.—From Dr Berens de 
Haan. | | 

Grant (Sir Alexander), Bart., LL.D., D.C.L. The Story of the Univer- 
sity of Edinburgh, during its First Three Hundred Years, London, 
1884, 2 vols. 8vo. 

Greenhill (A. G.). On the Motion of a Proiectile in a Resisting Medium. 
1882. 8vo. 

Grewingk (Prof. C.). Geologie und Archeologie des Margellagers von 
Kunda in Estland. Dorpat, 1882. 8vo. | 

Giinther (Albert C. L. G.) An Introduction to the Study of Fishes. 

| Edinburgh, 1880. 8vo.—From Messrs A. & C. Black. 

Gurney (John Henry). A List of the Diurnal Birds of Prey ; also a 
Record of Specimens preserved in the Norfolk and Norwich 
Museum. -London, 1884. 8vo. 

Hann (J.) Einige Resultate aus Major von Mechow’s Meteorologischen . 
Beobachtungen im Innern von Angola. Wien, 1884. 8vo. 
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Harkness (H. W.), M.D. Footprints found at the Carson State Prison. 
San Francisco. 1882. 8vo. | 

Hevelius. The Illustrated Account given by Hevelius in his Machina 
Celestis of his Method of mounting Telescopes and erecting an 
Observatory, by C. Leeson Prince. 1882. 8vo.—From C. Leeson 
Prince, Esq. | 

Hildebrandsson (H. Hildebrand). Samling af Bemiarkelsedagar, Tecken, 
Marken, Ordsprak och Skrock rorande Viaderleken. 1883. 8vo. 

Sur la Distribution des Eléments Météorologiques autour des 
Minima et des Maxima Barométriques. 

Hinde (George Jennings), Ph.D. On the Structure and Affinities of the 
Family of the Receptaculitide. 1884. 8vo. | 

On Annelids, from Remains from the Silurian Strata of the Isle of 
Gotland. 1882. 8vo. 

Knott (Dr Cargill G.). Researches in Contact Electricity : Thesis for 
the Degree of Doctor of Science. 1879. 4to. 

Kolliker (A.) Ueber die Chordahohle, und die Bildung der Chorda beim 
Kaninchen. Wirtzburg, 1882. 8vo. 

Lewis (Prof. Carvill). Summary of the Progress of Mineralogy in 1883. 
Philad. 1884. 8vo. | | 

Macfie (R. A.), F.R.S.E. Copyright and Patents for Inventions. Pleas 
and Plans for Cheaper Books and greater Industrial Freedom. 
Edinburgh, 1883. Vol. IJ., 8vo. 

Mason (Dr John J.), of Newport, U.S. Minute Structure of the Central 
Nervous System of Certain Reptiles and Batrachians of America. 
1897-82. Series A, Author's Edition (100). 4to. 

Mueller (Baron Ferdinand von). Systematic Census of Australian 
Plants, with Chronologies, Literary and Geographic Annotations. 
Part 1.—Vasculares. Melbourne, 1882. 4to. 

Normand (J. A.), Navigation Stellaire. Paris, 1083. 4to. 

Owen (Sir Richard), K.C.B. Description of an Impregnated Uterus and 
of the Uterine Ova of Echidna hystrix. 1884. 8vo. 

Peacock (R. A.). Saturated Steam, the Motive Power in Volcanoes and 
Earthquakes. London, 1882. 2nd edition, 8vo. 

Pétrement (F.). La Question Sociale ; ou Principes de Sociologie. Paris, 
1883. 8vo. 

Pickering (E.C.) Mountain Observations. 1883. 8vo. 

A Plan for securing Observations of the Variable Stars. 

Cambridge, 1882. 8vo. | 

Statement of Work done at Harvard College Observatory during 
the Years 1877-82. Cambridge, 1882. 8vo. : 

Observations of the Transit of Venus, December 5 and 6, 1882, 
made at the Harvard College Observatory. Cambridge, 1883. 8vo. 

Plateau (J. A. F.) Notice de, par G. Van der Mensbrugghe. II. 
Bruxelles. 18mo. 

Prince (C. L.), F.R.A.S. Observations upon the late Great Comet and 
Transit of Venus, made at Crowborough in 1882. 8vo. 

Rosenberg (Dr Emil). Untersuchungen uber die Occipitalregion des 
Cranium und den proximalen Theil der Wirbelsaule einiger 
Selachier. Dorpat, 1884. 4to. 

Roland (E. A.). J. Hopkins Universita. Relazione Critica sulle varie 
Determinazioni dell’Equivalente meccanico della Caloria. Venezia, 
1882. 8vo. 

nohiegeeee (G. V.). Misure di alcune principali Stelle Doppie di rapido 

ovimento Orbitale eseguite negli anni 1875-82. Milano, 1882. 8vo. 

Seton (George), M.A., Advocate, F.R.S.E. The Causes of Illegitimacy, 
particularly in Scotland. Edinburgh, 1860. 8vo. | 
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Spinoza (Benedictus de). “ Stelkonstige Reeckening van den Regenboog ” 
and “ a van Kanssen,” two nearly unknown Treatises. 
Reimpression. Leiden, 1884. 4to.—From Dr Bierens de Haan. 

Stevin (Simon). Van de Spiegeling der Singkonst (Miroir de Art du 
Chant) et Van de Molens (Moulins a Vent). Réimpression, par Dr D. 
de Haan. Amsterdam, 1884. 4to.—From Dr Bierens de 

aan. 

Stokes (Professor G. C.). F.R.SS. L. & E. Mathematical and Physical 
Papers, Vol. II. Camb. 1883. 8vo. 

Tait roqe a, LL.D., F.R.S.E. The Messages to the Seven Churches of 

_ Asia Minor. London, 1884. 8vo 
me Scapa P.G.). Light. Edinburgh, 1884.— From Messrs A. & 
. Black. 

Vince (Dr Salvator). Les Forces Physiques, Oxygéne Transformé. Catane, 
1883, 2nd edition. 8vo. : 

Virgilius. The Aneid, Georgics, and Eclogues of Virgil, rendered into 
English Blank Verse, with other of his Poems, not hitherto trans- 
lated, Mapheus Vegius’ Book xiii., as material for a Book xiv. to the 
same. By T. Seymour Burt, F.L.S. London, 1883. 3 vols. 8vo. 
—From Mr Burt’s Representatives. | 

Viri Illustres Academie Jacobi Sexti Scotorum Regis: Edinburgi, 1884. 
—From Messrs Patrick Geddes, F.R S.E., and H. B. Baildon, F.R.S.E. 

Williams (Dr Josiah). Life in the Soudan. London, 1884. 8vo. 
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by Mr W. Peddie, 933. 
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sident, on Closing the Session 
1882-83, 235. 

Address by Lord Moncreiff, Pre- 


sident, giving a Review of the 
Hundred Years’ History of the 


Society, 451. 

Address by Professor Chrystal on 
presenting the Keith Prize(1881- 
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937. 
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Aitken (John), on the Effect of Oilon a 
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On the Moon and the Weather, 
187. 
On the Formation of Small 
Clear Spaces in Dusty Air, 440. 
The Remarkable Sunsets, 448. 
Second Note on Remarkable 
Sunsets, 647. | 


Aitken (John), on Thermometer 
Screens, Part I. 661—Part II. 676. 
Amarantacez of Socotra, 92, 410, 


Amaryllides of Socotra, 96. 


— Genus of Plants of Socotra, 

407. | 

Andrews (Thomas) M Inst. C.E., on 
the Relative Electro-Chemical Posi- 
tions of Iron, &c., in Sea- Water and 
other Solutions, 47. 

Anglin (A.H.) Mathematical Note, 223, 
236. 

——— On an Extension of Euclid, 1. 
xlvii., 703. 

Animalia and Vegetabilia, common or 
separate Descent and Affinities of, by 
Patrick Geddes, 276. 

Antedon, species of, 360, 373. 

Anthrax bacillus, Power of Disinfect- 
ants in destroying, by Dr A. Wynter — 
Blyth, 633. 

Articles—the Semitic and Greek, 47. 

Asteroidea, dredged in Faroe Channel 
during the Cruise of “ Triton,” by 
W. P. Sladen, 231. 


Balfour (Prof. Bayley) Diagnoses Plant- 
arum novarum Phanerogamarum 
Socotrensium, &c. 76, 402. 

Barometer, Diurnal Oscillations of, 
Part II., 193. | 

Bicipital Ribs, by Professor William 
Turner, 127. 
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Blake (Rev. J. L.), Theory of Mono- 
pressures applied to Rhythm, &c., 56. 
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tific Method in the Study of Language 
98. 
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the Chief Disinfectants of Commerce, 
and their Power of Destroying tha 
Spores of Anthrax bacillus, 633. 

Blyth (Professor James), A new Form 
of Galvanometer, 594. 

Boulder Committee, Ninth Report of, 
communicated by D. Milne Home, 
Esq., 193. 

Tenth and Final Report of the 
Boulder Committee, communicated 
by D. Milne Home, Esq., 765. 

——— Appendix I. to Tenth Boulder 
Report, containing an Abstract of 
the Information in the Nine Annual 
Reports of the Committee, 769 ; 
Boulders of Aberdeenshire, 769; 

of Argyllshire, 773; of Ayrshire, 
784; Banffshire, 787; of Berwick- 
shire, 787; Buteshire, 790 ; of Caith- 
ness, 793 ; of Dumbartonshire, 795 ; 
of Dumfriesshire, 796 ; of Elgin, 797; 
of Fifeshire, 799 ; of Forfar, 800; of 
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shire, 839; of Mid-Lothian, 840 ; 
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860; of Roxburghshire, 865; of 
Selkirkshire, 866 ; of Shetland, 866 ; 
of Stirlingshire, 871; of Suther- 
landshire, 874; of Wigtownshire, 
876 ; of the Faroe Islands, 877. 

Appendix II. Summary of 

Facts and Inferences contained in 


the Nine Annual Reports of the 


Boulder Committee, 885. 
Remarks by D. Milne Home, 
Esq., on presenting Tenth Report of 
Boulder Committee, 907. 

Notice of two Localities for 
remarkable Gravel Banks and 


Boulders in the West of Scotland. | 


by D. Milne Home, Esq., 913. 
Buchan (Alexander), 
Diurnal Variation of the Force of 
the Wind on the Open Sea and near 
Land, 47. | 
— On the Diurnal Oscillations of 
the Barometer, 193. 


Cale-spar, large Crystal of, described by 
M. l’Abbé Renard, 530. 
Campbell (Albert), on the Change of 


Peltier Effect due to Variation of | 


Temperature, 293. 
Capparidese of Socotra, 402. 
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Carpenter (P. Herbert), on the Crin- 
oidea of the North Atlantic between 
Gibraltar and the Faroe Islands,— 
the Crinoids obtained by H.M.SS. 
‘* Lightning” and ‘‘ Porcupine,” 
353; by H.M.SS. Knight Errant ”’ 
and ‘‘ Triton,” 372. 


-Caryophyllee of Socotra, 408. 


Cell Structure, by Patrick Geddes, 
266 ; Cell Cycle, 279, 282; a Hypo- 
thesis of Cell-Structure, 285. 

Cell Theory, with Applications to 
Morphology, Classification, and 
Physiology of Protists, Plants, and 
Animals, by Patrick Geddes, 266. 

Celtic Tenure of Land, 103. — 

Chronometry, Principle of, by Prof. 
James Thomson, 568. 

Clothing, its Efficiency for maintaining 
Temperatures, 568. | 

Clouds, Bright, on a Dark Sky, by Prof. 
Piazzi Smyth, 223. 

Cobalt, the Thermo-Electrie Position 
of, 141. 

Colonsay, Boulders in, 207. 

Comatulide, new Forms of, by P. 
Herbert Carpenter, 360. 

Composite of Socotra, 405. 

Compressibility of Water, by Prof. 
Tait, 45, 757. 

Conscious Sensations (see Sensations). 

Contractility, a Hypothesis of, by 
Patrick Geddes, 266, 291. 

Coral Muds and Sands, 509. 

Coral Reefs and Calcareous Formations, 
by H. B. Guppey, M.D., 757. 

Cosmic Dust and Volcanic Ashes, their 
Microscopic Characters, by John 
Murray and M.) Abbé Renard, 474,509. 

Council of the Society at November 
1882, 1; Council of the Society at 
November 1888, 245. wae 

(Cremona (Professor) Esempio del 
metodo di dedurre una superficie da 
una figura piana, 599. 

Crinoidea of the North Atlantic be- 
tween Gibraltar and the Faeroe 
Islands, by P. Herbert Carpenter—1. 
Crinoids obtained by the “Lightning” 
and ‘‘Porcupine” 1868-70, 353. 

2. New Forms of Crinoids, ob- 
tained H.M.SS. “ Knight Errant ” 
and “ Triton,” 372. 

Crucifere of Socotra, 402. 

Crustacea dredged in the Faroe Channel 
during the Cruise of the ‘‘ Triton,” by 
‘the Rev. A. M. Norman, 231. 

Cubic Equations, Approximation to 
the Roots of, by help of Recurring 
Chain Fractions, by Edward Sang, 
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Cucurbitacex of Sucotra, 404. 

Cunningham (J. T.), on Stichocutyle 
nephropis, 619. 

Critical Note on. the latest 
Theory in Vertebrate Morphology, 
759. 

Cyperacece of Socotra, 411. 


Deaths in Scotland, 627. ia 
Decimal Sub-divisions, the Need for, in 
Astronomy and Navigation, and on 


Tables requisite therefor, by Edward |. 


Sang, LL. D., 533. 

Declinometer.—An  Electro-Magnetic 
Declinometer, by A. Tanakadate, 544. 

Deep Sea Deposits—their Nomencla- 
ture, Origin, and Distribution, by 
John Murray and M. l’Abbé Renard, 
495, 

Diatom Ooze, 511. 

Dickson (Professor Alexander), on tlie 
Structure of the Pitcher in the Seed- 
ling of Nepenthes, as compared with 
the Adult Plant, 381. 

Dioscoreacee of Socotra, 96. 

Disinfectants, their power of destroying 
Anthrax bacillus, by Dr A. Wynter 
Blyth, 633. 

Dispersion, the Dynamical Theory of, 
128. | 

Donations to the Library, 981. 

Dott (D. B.), on the Acids of Opium, 
189. 

Double Algebra (see Plane Algebra). 

Drifted Trees in Beds of Sand and 


Gravel, at Musselburgh, by Prof. J.. 


Geikie, 745. 

Dust (Cosmic), Microscopic Character 
of, 474. 

Dusty Air, The Formation of Small 
Clear Spaces in, by John Aitken, 440. 


Ebenacee of Socotra, 406. 

Economics, Principles of, 593, 594, 937. 

Kigg, Boulders in, 212. 

Electrolytes, on the Measurement of 
Resistance in, by Prof. Cargill G. 
Knott, 178. 

Electrical Result.—On a Singular Elec- 
trical Result, by Mr Harry Rainy, 
756. | 


Emissivity. —On Surface Emissivity, by 


Prof, Tait, 230. 

On the Proofs of Proportionality 
of Emissive and Absorptive Power, 
231. 

Energy, and its Conservation, 13; Kin- 
etic Energy, 15; Transformation of 
Energy, in a System, 17. 

Equation in Quaternion Differences, by 

Prof, Tait, 561. 
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Euphorbiacee of Socotra, 98, 410. 
Euclid, I. 47, Extensions of, by A. H. 
Anglin, 703. 


Felkin (Robert W.), Notes on the Madi 
or Moru Tribe of Central Africa, 303. 

Ficoides of Socotra, 404. 

Filtration by Diminished Pressures, 
137: 

Flexure.—Propertics of the Line of 
Simple Flexure, by Edward Sang, 
LL. D., 172. 

Forbes (Prof George) Transmission of 
Power by Alternate Currents, 141. 
Force, defined according to Newton’s 

view, 11; In such phrases as vis 

—acceleratrix, vis impressa, vis insita; 
vis does not mean force, 10. 

Fractions (Recurring Chain), Approxi- 
mation to the Roots of Cubic Equa- 
tions, by help of, 385. | 

of M. E. de Jon- 
quieres on Periodic Continued Frac- 
tions, 389. 

—--— On the Phenomenon of ‘‘ Great- 
est Middle” in the Cycle of a Class 
of Periodic Continued Fractions, 578. 

——— On the Computation of Recur- 
ring Functions by the aid of Cha‘n 
Fractions, 703. | 


Galvanometer, a new Form of by 
Professor James Blyth, 594. 

Galvanic Currents passing through a 
very thin Stratum of an Electroiyte, 

_ by Professor H. von Helmholtz, 596. 

Gaseous Bodies, their Absorption of. © 
Low Radiant Heat, by Professor J. 
Gordon Macgregor, 24. 

Gaseous Spectra, Micrometrical Mea- 
sures of, by Prof. C. Piazzi Smyth, 696. 

Geddes (Patrick), A Re-statement of 
the Cell Theory, with Applications 
to Morphology, Classification and 
Physiology of Protists, Plants, anil 
Avimals; with Hypotheses of Cell- 
Structure and Contractility, 266. 

——-— Principles of Economics, 948. 

Geikie (Professor James), Address on 
Recent Advances in European 
Pleistocene Geology, 186. | 

——— On the Occurrence of Drifted 
Trees in Beds of Sand and Gravel at 
Musselburgh, 745. 

Geraniacee of Socotra, 403. 

Gibson. (John), on some Laboratory 
Arrangements, 137. 

Gordon, James, Latin Address to the 
University on the occasion of the 
Tercentenary, 940. 

Graff (Prof. L. von), Myzostomida of 
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the ‘‘Porcupine” and ‘‘ Triton,” 
378. 

Graminee of Socotra, 97, 411. 

Granton Marine Station for Biological 
Research, 231. 

Green Sun, and associated Phenomena, 
by Prof. Michie Smith, 755. 

Guébhard (Dr),  Electro-Chemical 
Method of Figuring Equipotential 
Lines, 7. 

Guppey (H. B.) M.D., on Coral Reefs 
and Calcareous Formation of some of 
vas Islands in the Solomon Group, 
757. 

Gyrostatics, by Sir William Thomson, 
128. 


ae (Dr Matthew), A Contribution to 
the Chemistry of Nitroglycerine, 
231. 


The Elementary Composition of 
Nitroglycerine, 234. 

Hayeraft (Prof. John B.), on the Limi- 
tations in Time of Conscious 
Sensations, 246. 

Heat, its Absorption by Gaseous 
Bodies. By Prof. J. G. MacGregor, 
2 


Hedile (Professor), on Boulders in 


Perthshire and Inverness-shire, 201. 

Helmholtz (Professor H. von), on 
Galvanic Currents passing through 
avery thin Stratum of an Electrolyte, 
596. | 

Herdman (Prof. W. A.), on the Tuni- 
cata dredged in the Faroe Channel, 
during Cruise of ‘‘ Triton,” 231.. 

_—--— On the Homology of the Neural 

~ Gland in the Tunicata, with the 
Hypophysis Cerebri, 145; Abstract 

of Report on the ‘‘ Porcupine ” Tuni- 
cata, 412. 

Hermite (M.) de 1]’Institut, Sur la 
Réduction des Intégrales Hyperellip- 
tiques, 642. 

Hind (J. R.), Message as to Transit of 
Venus, 7. 

History of the Society, by Lord 
Moncreiff, President, 451. 

Hoek (Dr P. P. C.), on the Pycno- 
gonida dredged in the Faroe Channel, 
231. | 

Hoggan (George) M.B., New Forms 
of Nerve Terminations in the Skin 
of Mammals, 400. 

Horne (John) and Peach (B. N.), Old 
Red Sandstone Volcanic Rocks of 
Shetland, 593. 

Hoyle (W. E.), M.A., on a new Ento- 
zoon (Pentastomum protelis), 219. 

Report on the Ophiuroidea of 


the Faroe Channel, mainly collected 
Fg M.S. ‘ Triton,” August 1882, 
707. 

Hydrogenised Palladium, its Electrical 
Resistance by Prof. Cargill G. Knott, 
181. 

Hygrometer, Integrating, by Prof. C. 
Michie Smith, 503. 
Hyperelliptiques (Intégrales), leur Ré- 

duction, par M. Hermite, 642. 


Illecebracee of Socotra, 408. 

Illegitimacy in Scotland, 18, 621. 

Inertia, Law of, by Prof. James Thom- 
son, 568. 

Intégrales leur Reédae- 
tion, par M. Hermite, 642. 

Inverted Images in the Air, the 
Impossibilty of, by Edward Sang, 
LL. D., 129. 

Iridium and Rhodium, their Thermo- 
Electric Positions, 136. 

Isothermals and Adiabatics of Water 
near the Maximum Density Point, 

_by Mr W. Peddie, 933. 


Jamieson (G. Audjo), on Ancient 
Tenure of Land in Scotland, 99. 

Jonquieres (M. E. de), his reseaches 
on Periodic Continued Fractions, by 
Thomas Muir, M.A., 389. 


Keith Prize for Biennial Period 1881-83, 
awarded to Mr Thomas Muir, for 
his Researches into the Theory ot 
Determinants and Continued Frac- 
tions, 562. 

Kinetic Energy, illustrated, 15. 

Kirkman (Rev. T. P.), on Knots with 
fewer than Ten Crossings, 646. 

Knots with fewer than Ten Crossings. 
by Rev. T. P. Kirkman, 646, 

— On, Part II., by Professor Tait, 
647. 

Knott (Prof. Cargill G.), On the 
Measurement of Resistance in Electro- 
lytes, 178. 

The Electrical Resistance of 

Hydrogenised Palladium, 181. 

On Superposed Magnetisms in 

Iron and Nickel, 225. 


Labiat of Socotra, 91, 407. 


Laboratory Arrangements, by Dr 


John Gibson, 137. | 
Land Tenure in Scotland, by G. 
Auldjo Jamieson, 99. 
Language, Philosophy of, 594. 
Language, Method in the Stuy of, by 
Prof. Blackie, 98. ‘ 
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Lathe-Band, Problems connected with, 
by Edward Sang, LL.D., 294. 

Latin Address to the University on 
the occasion of the Tercentenary, 940. 

Laurie (A. P.), Note on an Application 
of Mendeleieff’s Law to the Heats of 
Combination of the Elements with 
the Hulogens, 46. 

Leguminose of Socotra, 404. 

Liliacese of Socotra, 97, 411. 

Line of Simple Flexure, by Edward 
Sang, LL.D., 172. 


a Logarithmic Sines, the Construction of 


the Canon of, by Edward Sang, 
LL. D., 601. 


Macfarlane (Alexander), D.Sc., Note 
on Plane Algebra, 184; Arrange- 
ment of the Metals in an Electro- 
Frictional Seale, 412. 

MacGregor (Professor J. G.), on the 
Absorption of Low Radiant Heat by 

Gaseous Bodies, 24. 

Macpherson (Prof. Norman), 
Boulders in Eigg, 212. 

Maddox (KE. 
Vision, 433. 

Madi or Moru Tribe of Central. Africa, 
by Robert W. Felkin, F.R.G.S., 
303; Habitations, 304; Furniture, 
305; Granaries, 305; Gardens, 306 ; 
Cattle, 306 ; Food, 307; Fire, 309; 
Smoking, 310; Agriculture, 310; 
Measurements of average man, 313 ; 
Hair, 315; Odour, 316 ; Clothing; 
316 ; Physical Powers, 316; Patho- 
logy, 317; Marriage Customs, 320 ; 
Reproduction, 323; Education, 326 ; 
Burial, 327; Superiors or Chiefs, 
329; Hospitality, 329; Treatment of 
Women and Aged, 329; Roads, &c., 
330; Salutations, 332; Bathing, 332; 
Division of Labour, 333; Religion, 
833; Feasts and Music, 337; Dances, 
338; Fights, 339; Weapons, 340; 
Animals, and Hunting and Fishing, 
341-346; Manufactures, 347; Money, 
350; Measures, 351; Vocabulary, 
352. 

Magnetism.—On Superposed Mag- 
netisms in Iron and Nickel, by Prof. 
C. G. Knott, 225. 

Modification of Gauss’s method 
for determining the Horizontal Com- 
ponent of Terrestrial Magnetic Force, 
and the Magnetic Moments of Bar 
Magnets, 578. 

Makdougall-Brisbane Prize for the 
Period 1880-82, awarded to Prof. 
James Geikie for his Contributions 
to the Geology of the North-West 
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of Europe, including his paper on 

the Geology of the Faroes, 565. 
Marriage Seasons in England, 620. 
Marriages in Scotland, 622. 

Marshall (Prof. A. M.), Pennatulida 
dredged in the Faroe Channel, 231. 
Masson (Dr Orme) and Dr Matthew 
Hay, on the Elementary Composition 

of Nitroglycerine, 234. 


Mendeleieff’s Law applied to the Heats 


of Combination of the Elements 
with the Halogens, 46. 

Metals, Arrangement of, 
Electro-Frictional Scale, 412. 

Micrometrical Measures of Gaseous 
Spectra, by Prof. C. Piazzi Smyth, 696. 

Middle (Greatest)—On the Pheno- 
menon of ‘‘Greatest Middle” in the 
Cycle of a Class of Periodic Con- 
tinued Fractions, by Thomas Muir, 
M.A., 578. | 

Mile.—The Old English Mile, by W. 
Flinders Petrie, 254. 

Mill (Hugh Robert) B.Se., Observa- 
tions of the Rainband from June 
1882 to January 1883. 47. 

On the Periodic Variations of . 
Temperature in Tidal Basins, 927. 
Milne-Home (D.) of Milne-Graden, 
communicates Ninth Report of the 

Boulder Committee, 193. 

(D.) LL.D., presents Tenth and 
Final Report of the Boulder Com- 
mittee, with Appendix I. containing 
Abstract of the Nine Annual Reports 
of the Committee, 769 ; and Appendix 
Summary of Facts and In- 
ferences in the Nine Annual Boulder 

Reports, 885. | | 

His Remarks on_ presenting 

a Report of Boulder Committee, 

907. 


in an 


Notice of two Localities for 
Remarkable Gravel Banks or Kaimes 
and Boulders, in the West of Scot- 
land, 913. 

Mirage, Further Remarks on, by Prof. 
Tait, 98. 

On the Impossibilty of Inverted 
Images in the Air, by Edward Sang, 
LL.D., 129. | 

Moon.—The Moon and the Weather, by 
John Aitken, 187. 

Moncreiff (The Right Hon. Lord), Pre- 
sident, Address on Opening the 
Session, 1882-83, 2. 

Address on Closing the Session, 

1882-83, 235. 

Address giving a Review of the 

Hundred Years’ History of. the 

Society, 451. 
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Moncreiff (The Right Hon. Lord), Pre- 
sident, Address on Closing the Ses- 
sion, 1883-84, 937. 

— applied to Rhythm, &c., 
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Morphology. —On the latest Theory in 
Vertebrate Morphology, by J. T. 
Cunningham, 759. 

Morphological Classification of Animal 

_ Tissues, by Patrick Geddes, 277. 

Moru or Madi Tribe of Central Africa, 
by Robert W. Felkin, F.R.G.S., 
303 (see Madi). 

= the Laws of, by Professor Tait, 


Muir (Thomas), M.A., The Researches 
of M. E. de Jonquieres on Periodic 
Continued Fractions, 389. 

Awarded the Keith Prize for 

Period 1881-83, 562. 


Middle in the Cycle of a Class of 
Periodic Continued Fractions, 578. 
Murray (Mr), Notes on Boulders in 

Colonsay and Oronsay, 206. 


Murray (John), Director of “Challenger”. 


Commission, on a proposed Edin- 
burgh Marine Station for Biological 
Research, at Granton Quarry, 231 ; 
On Work done on board of 


‘¢ Triton ” in the Faroe Channel dur-. 


ing 1882, 231. ; 

and M. |’Abbe Renard, on the 
Microscopic Characters of Volcanic 
Ashes and Cosmic Dust, and their 
Distribution in the Deep Sea De- 
posits, 474. 

—_—— and M. l’Abbe Renard, The 
Nomenclature, Origin, and Distribu- 
tion of Deep Sea Deposits, 495. 

Musselburgh, Drifted Trees at, by Prof. 
J. Geikie, 745. | 

Myzostomide of the ‘ Porcupine” and 
‘¢Triton,”’ by Prof. L. von Graff, 378. 

Myxomycetes, Affinities of, by Patrick 
Geddes, 273. 


Neill Prize for the Triennial , Period 
1880-83, awarded to Professor Herd- 
man for his Papers on the Tunicata, 
566. 

Nepenthes, the Structure of the Pitcher 


in the Seedling of, by Prof. Alex- 


ander Dickson, 381. 

Nerve Terminations in the Skin of 
ommnele, by George Hoggan, M.B., 

00. | 

Neural Gland in the Tunicata, by Prof. 
W. A. Herdman, 145. 

Nicol (W. W.), on the Nature of Solu- 
tion, 47. 


On the Phenomenon of Greatest | 
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Nitroglycerine, its Chemistry, by Dr 
Matthew Hay, 231. 

The Elementary Composition ot 
Nitroglycerine, by Dr Matthew Hay 
and Orme Masson, M.A., 234. © 

Norman (Rev. A. M.) on the Crustacea 
dredged in the Faroe Channel during 
Cruise of the ‘‘ Triton,” 231. 


Oil, its Effect on a Stormy Sea, by 

John Aitken, 56. 

Ophiuroidea, Report on the Ophiur- 
oidea of the Faroe Channel, collected 
by H.M.S. ‘‘Triton” in August 
1882, 707 ; Ophiurids collected by 
the ‘‘ Porcupine,” in 1869, 708. 

——— Comparison of the Faroe 
Ophiuroidea with those from British 
and Norwegian Shores, 724; and 
with those from the Arctic Seas, 725. 

- Relation of the Ophiuroid 
ag to the Nature of the Bottom, 

28. 

Opium, the Acids of, by D. B. Dott, 
189. 

Orchidee of Socotra, 96. 

Orkney Islands, Boulders in, 210. 

Oronsay, Boulders in, 206. 


Palladium (Hydrogenised), its Elec- 
trical Resistance, by Prof. C. G. 
Knott, 181. 

Partitions, On a Special Class of, by 
Prof. Tait, 755. | 

Peach (B. N.), and Horne (John), Old 
Red Sandstone Volcanic Rocks of 
Shetland, 593. 

Peddie (W.), on the Isothermals and 
Adiabatics of Water near the Maxi- 
mum Density Point, 933. 

Peltier Effect, Change of, due to 
Variation of Temperature, by Albert 
Campbell, 293. 

Pennatulide, dredged in Faroe Channel 
during Cruise of ‘‘ Triton,” by Prof. 
A.M. Marshall, 231, 

Pentastomum vprotelis, a new Ento- 
zoon, by W. E. Hoyle, 219. 

Petrie (Wm. Flinders) on the Old 
English Mile, 254. 

Plane Algebra, or Double Algebra, by 
Dr A. Macfarlane, 184. 

Plarr (M. le Docteur Gustave) on the 
Quaternion Expression of the Finite 
Displacements of a System of Points 
of which the Mutual Distances re- 
main Invariable, 151. 

Pleistocene Geology, 186. 

Plumbaginee of Socotra, 406. 

Point-Motions.—A Problem on Point- 
Motions for which a Reference- Frame 
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can so exist as to have the Motions 
of the Points, relative to it, Recti- 
linear and Mutually Proportional, 
by Prof. James Thomson, 730. 

Power, its Transmission by Alternate 
Currents, by Prof. George Forbes, 141. 

Prizes. — Keith Prize (1881-83), 
awarded to Mr Thomas Muir, 562. 

——— Makdougall - Brisbane Prize 
(1880-82), awarded to Prof. James 
Geikie, 565. 

—-—— Neill Prize (1880-&3), awarded 
to Prof. Herdman. 

Principle of Least Action, 14. 

Protista, by Patrick Geddes, 273, 275. 

Protozoa, their Classification and 
.— by Patrick Geddes, 269, 
276. 

Protophyta, Affinities of, by Patrick 
Geddes, 272, 275. 

Pycnogonida, dredged in Faroe Channel 
during Cruise of ‘‘ Triton,’ by Dr 
P. P. C. Hoek. , 


Quaternion Expression of the Finite 
Displacements of a System of Points 
of which the Mutual Distances re- 
main Invariable, by M. le Docteur 
Gustave Plarr, 151. 

Quaternion Differences, An Equation 
in, by Prof. Tait, 561. 


Radiation, by Professor Tait, 531. 
Radiation Thermometers, 682. 
Radiolarian Ooze, 512. 

Rainband, Observations of, from June 
1882 to January 1883, by Hugh 
Robert Mill, B.Sc., 47. 

Rainy (Harry), on a singular Electrical 
Result, 755. 

Reference Frames, by Professor Tait, 
743. 

Renard (M. l’Abbé A.), and Mr John 
Murray, on the Microscopic Characters 
of Volcanic Ashes and Cosmic Dust, 
and their Distribution in the Deep 
Sea Deposits, 474. 

——— On the Nomenclature, Origin, 


and Distribution of Deep Sea De-. 


posits, 495. 

——— On a large Crystal of Calce-Spar 
found in Loch Corrib by Prof. Tait, 
530. 


——— On Cosmic Dust, 599. 


Reproduction, Sexual, 281. 
Rest (Absolute Clinural), by Prof. 
James Thomson, 568. 


Rhodium and Iridium, their Thermo-- 


Electric Positions, 136. 3 
Ribs, the so-called Bicipital, by Prof. 
William Turner, 127. 


Royal Society of Edinburgh, Review 
of its Hundred Years’ History, by 
Lord Moncreiff, 451. 

Rotation (Absolute), by Prof. James 
Thomson, 568. 

Rubiacez of Socotra, 405. 


Sang (Edward), LL.D., on the Impos- 
sibility of Inverted Imagesin Air, 129, 

On some Properties of the Line 
of Simple Flexure, 172. 

——— On the Problem of the Lathe- 
Band, and on Problems connected 
therewith, 294. | 

-——— Approximation to the Roots of 
Cubic Equations by help of Recur- 
ring Chain Fractions, 387. 

——— On the Need for Decimal Sub- 
divisions in Astronomy and Navi- 
gation, and on Tables requisite there- 
for, 633. | 

——— On the Construction of the 
Canon of Logarithinic Sines, 601. 

——— On the Computation of Recur- 

_ ring Functions by the Aid of Chain- 
Fractions, 703. 

Santalacez of Socotra, 93. 

Saxon Tenure of Land, 108. ; 

Schuster (Professor), Address by, 646. 


Scrophularinez of Socotra, 84. 


Sea.—Effect of Oil on a Stormy Sea, 
56; Effect on the Formation of 

Waves, 68. 

Selaginese of Socotra, 90. 

Sensations.—The Limitations in Time 
of Conscious Sensations, by Prof. 
J. B. Haycraft, 246. : 

Seton (George) M.A., on Illegitimacy 
in Scotland, 18. 

On Scottish Vital Statistics, 619. 

Shetland, Old Red Sandstone Volcanic 
Rocks of, 593. 

Shingle Beaches in Colonsay and Oron- 
say, 208. ‘ 

Sladen (W. Percy) on  Asteroidea 
dredged in Faroe Channel, 231. 

Sling Thermometers, 689. 

Smith (Professor Michie) on Integrat- 
ing Hygrometer, 593. 

Observations on a Green Sun 
and associated Phenomena, 755. 

Smith (Rev. Dr W. Robertson), on Dr 
Guebhard’s Electro-Chemical Method 
of figuring Equipotential Lines, 7. 

Smyth (Prof. C. Piazzi) communicates 

- Message from Mr J. R. Hind as to 
Transit of Venus, 7. | 

On an Influx of Warm Wind on 

the night of 28th January 1883, 75. 


——— Bright Clouds on a Dark Sky, 
223. 
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Smyth (Prof. C. Piazzi), Note on the 
little 6 group of lines in the Solar 
Spectrum, .and the new College 
Spectroscope, 225. 

Micrometrical 
Gaseous Spectra, 696. 

Socotra.—Diagnoses plantarum nov- 
arum Phanerogamarum Socotrensium, 
&c., quas elaboravit Prof. Bayley 
Balfour, Pars III., 76, 402. : 

Solanacez of Socotra, 83. 

Solution, its Nature, 47; on the 
relative Electro-Chemical Positions 
of Iron, Steel, &c., in Sea Water and 
other Solutions, 47. 

Spectra (Gaseous), Micrometrica! 
Measures of, by Prof. C. Piazzi 
Smyth, 696. | 

Spectrum.—Note on the little b group 
of lines in the Solar Spectrum, and 
the new College Spectroscope, by 
Prof. Piazzi Smyth, 225. 


Measures’ of 


Statistics, Scottish Vital, by George 


Seton, advocate, 619. 


Stichocotyle nephropis, anew Trematode, 


Sulphuretted Hydrogen Water, Method 
for Preserving, 140. 


.Sun.—On a Green Sun and associated | 


Phenomena, by Prof. Michie Smith, 
755. 

Sunsets. —The Remarkable Sunsets, by 
John Aitken, 448, 647. 

Superficies. —Metodo di dedurre una 

_ superficie da una figura piana, dal 
Professor L. Cremona, 599. 

System of Points, Quaternion Expres- 

sion for the Displacements of, by M. 
le Docteur Gustave Plarr, 151. 


Tables requisite for Decimal Sub-divi- 
sions in Astronomy and Navigation, 
by Edward Sang, LL. D., 533. 

Tait (Professor P. G.) on the Laws of 
Motion, Part I., 8. 


——— Note on Compressibility of | 
Water, 45. 
——— Further Remarks on the Mirage 


Problem, 98. 

——— On the Thermo-Electric Posi- 
tions of Pure Rhodium and Iridium, 
136. 

—-— On the Thermo-Electric Posi- 
tion of Pure Cobalt, 141. 

——— Direct Observations of the 
Effect of Pressure on the Maximum 
Dersity Point of Water, 192. 

——— Further Note on the Maximum 
Density Point of Water, 226. 

— — Further Note on the Com- 
pressibility of Water, 757. , 
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Tait (Prof. P. G.) on Surface Emis- 
sivity, 230. 

——— On the Proofs of Proportionality 
of Emissive and Absorptive Power, 231. 

On Radiation, 531. 

——— On an Equation in Quaternion 
Differences, 561. 

On Vortex Motion, 562. 

——— On Knots, Part II., 647. 

—— — Note on Reference Frames, 743. 

-y On a Special Class of Partitions 

Tanakadaté (A.), An Electro-Magnetic 
Declinometer, 544. 

Teape (Dr), on the Semitic and Greek 

Article, 47. 

Temperature, Periodic Variation of, in 
Tidal Basins, by Hugh Robert Mill, 
B.Se., 927. | 

Tenure of Land in Scotland, by G. 
Auldjo Jamieson, 99 ; Celtic Tenure, 
103 ; Saxon Tenure, 108. 


Therapeutics (Cellular), by Patrick 


Geddes, 289. 

Thermometer Screens, 661; Wet Bulb 
Observations, 665 ; on the Temper- 
ature of different sized Bodies, 668— 
Part II., 676; Radiation Thermo- 
meters, 682; Thermometers with 
Protected Bulbs, 682; Sling Ther- 
mometers, 689; Temperature with- 
out Screens, 691; Night Tempera- 

— tures, 694, by Mr John Aitken. 

Thomson (Prof. James), on the Law of 
Inertia; the Principle of Chrono- 
metry ; and the Principle of Absolute 
Clinural Rest, and of Absolute Rota- 
tion, 568. 

A Problem on Point Motions 
for which a Reference Frame can so 
exist «s to have the Motions of the 
Points, relative to it, Rectilineal and 
mutually Proportional, 730. 

Thomson (Sir William), Oscillations 
and Waves in an Adynamic Gyros- 
tatic System, 128. 

——— On Gyrostatics, 128; on a 
Dynamical Theory of Dispersion, 128. 

——— On Fifficiency of Clothing for 
maintaining Temperature, 568. 

——— Qn Gauss’s Method for deter- 
mining the Horizontal Component of 
Terrestrial Magnetic Force and Mag- 
netic Moments, 578, 

Thymeleacez of Socotra, 92. 

Tidal Basins, Periodic Variation of 
Temperature in, by Hugh Robert 
Mill, B.Sc., 927. 

Traill (Dr), Notes on Boulders in the 
Orkneys, 210. 

Trees (Drifted) in Beds of Sand and 


= 
i 
| 
| 
- 
| 


1008 


Gravel at Musselburgh, by Prof. J 
Geikie, 745. | 

‘¢Triton.”—Work done on Board of 
H.M.S. “Triton” in the Faroe 
Channel during the Summer of 1882, 
231, 707. 

'Tunicata.—Homology of the Neural 
Gland in the Tunicata with the 
Hypophysis Cerebri, 145. 

—— Abstract of Report on the 
“Porcupine” Tunicata, by Prof. 
W. A. Herdman, 412. 

dredged in the Faroe Channel 
during the Cruise of the “ Triton,” 
by Prof. W. A. Herdman, 231. 

Turner (Prof. William), on the so- 
called Bicipital Ribs, 127, 


Urticacez of Socotra, 95. 


Verbenacez of Socotra, 90. 

Vertebrate Morphology, latest Theory 
of, by J. T. Cunningham, B.A., 759. 

Violaries of Socotra, 402. 

Vis acceleratrix, vis impressa, vis insita 
(see Force). | 
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Vision.—On Distant Vision, by E. E. 
Maddox, M.B., 433. 

Vital Statistics (Scottish), by George 
Seton, advocate, 619. 

Volcanic Ashes and Cosmic Dust, 
their Microscopic Characters, by 
John Murray and M. l’Abbé Renard, 
474, 509. 

Vortex Motion, by Prof. Tait, 562. 


Water—Its Compressibility, by Prof. 
Tait, 45, 757. 

Effect of Pressure on its Maxi- 
mum Density Point, 192, 226. 

Weather.—The Moon and the Weather, 
by John Aitken, 187. | 

Wind.—Diurnal Variation of the 
Force of, by Alexander Buchan, 
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M.A., 47. 

On an Influx of Warm Wind 
on the night of 28th January 1883, 
by Prof. Piazzi Smyth, Astronomer 


Royal, 75. 


Zygophyllex of Socotra, 403. 
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